
This document has been approved
for public release and sale; its
distribution is unlimited. AD

TECHNICAL REPORT

68-26-GP

STORAGE STABILITY OF CIVIL DEFENSE SHELTER RATIONS

(ANNUAL REPORT)

by

S. R. Cecil

J. G. Woodroof

University of Georgia
Food Science Division

Georgia Experiment Station
Experiment, Georgia

Contract No. DA 19-129-QM-2050(N)

Projr .t reference:
OCD-C•M•-62-156 December 1967

General Equipment and Packaging Laboratory
U. S. ,ARMY NATICK LABORATORIES
Natick, Massachusetts 01760



Ii
FOREWORD

In 1962, under the Civil Defense Shelter Program, large quantities of
food were stored in warehouses or in sele-ted shelters for possible need

during a national emergency. The types of food, which had not been pro-
cured pre-riously, represented new formulations and new processing pro-
cedures. As a result, there was little or no information available on
the stability of these foods and their containers when stored for extended
periods.

This study was proposed to simulate conditions likely to erxist in
these shelters and to collect data at selected intervals that would pro-
vide current guidance as to the effect of long storage on foods and the
containers in which they are stored.

On 20 June 1962, Contract DA19-129-QM-2050 was awarded by the U. S.
Army Natick laboratories U> the Georgia Experiment Station, University
o2 Georgia, to provide the facilities for the study and collect the re-
quired data. Authorization for this contract is incluaed in Work Order
Number OCD.OS-62-156 between the Department of the Army, Office of the
Secretary of the Army, Office of Civil Defense, and the Department of
the Army, ArV Material Comm.d.

This report contains the work performed under the above contract.
However, the storage study will be continu6d under the direction of the
Office of Civil.Defense lead laboratory, Stanford Research Institute,
until the stock of rations in storage is exhausted or falls below the
acceptable range.

Project Officers for this contract were Mr. Jesse Hill, General Equip-
ment and Packaging Laboratory, and Mr. Otto J. Stark, Food laboratory,
both of the U. S. Army Natick Laboratories.

EDWARD A. NEBESKY, Ph.D.
Acting Director
General Equipment & Packaging Laboratory

APPROVED:
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CLIFFORD T.' RIORDAN,_
Cc'2onel, QMC
Cozmwnding



TABKE OF CONTENTS

Liat of Illustrations

tbstract

Introduction 
1

Methods and Results 
2

I. Fiberboard (V3c) Cases 
21. Bursting Strength 
22. Moisture Content 
43. General Condition of Cases 44. Condition of Cae Markings 8

II. Metal Cans 
81. Residual Oxygen in Cans 82. leaking Cans 

103. Corrosion of Cans 
104. Defects of can Coatings 
1l

III. The Rations 
16

A. Cereal Items 
16L. Condition of Packages 162. Condition of Pvf.tqba 16

3. Appearance and Color 19
4. Hunter Color Values 

265. Fracture Strength 
326. Moisture Content 34

17. Rancidity Values 
358. SWIsory Scores for Texture, Aroma ana Flavor 399. Hedonic Ratings for Aromv., Flavor and Palatability 4510 Ccrrelations of PalatabiLity Ratings and OtherMeasurements 
47

B. Carbohydrate Supplements 
491. Condition of Candy Bagn 50

2. Condition of Candy3. Appearance and Color 52
4. humter Color Values 56
5. Moisture Content 58! 64

-t

t1



I!

CONTENTS (cont'd)

6. PH Values 65
7. Sugar Contents 65
8. Sensory Scores for Texture, Aroma and Flavor 70
9. Hedonic Ratings for AlwaaR, Flavor and Palatability 73

10. Correlations of Palatability Ratings and Other
Measurements 74

Conclusioiz. 77

SuUmay 79



LIST OF ILUSIRATIONS

uPesage

1. Range Positions for Physical Characteristics of Cereal
It-ms at 48 Months 31

2. Range Positions for Stability Factors of Cereal Items
at 48 Months 38

Tables

1. Bursting Strength of V3c Fiberboard 3

2. Moisture Content of V3c Fiberboard 5

3. Residual Oxygen in Cans of Wheat Items Stored 48 Months 9

4. Leaking Cans 11

5. Corrosiea of Wheat Item Cans Stored 48 Months 12

6. Corrosion of Carbohydrate Supplement Cans Stored 36 Months 13

7. Defects in Can Coatings 15

8. Package Defects in Wheat Items Stored 48 Months 17

9. Product Breakage in Wheat Items Stored 48 Months 20

10. Appearance-Color and Texture Scores of Wheat Items Stored
48 Months 25

.tlo Hunter Color Values of Wheat Items Stored 48 Mcnths 27

12. Fracture Strength and Moisture Content of Wheat Items
Stored 48 Months 33

13. Rancidity Values of Fats from Wheat Items Stored 48 Months 36

.4. Aroma and Flavor Scores of Wheat Items Stored 48 Months 40

15, Hedonic Ratings for Wheat Items Stored 48 Months 42

16. Correlations of Palatability Ratings With Other Measurements
for Wheat Items Stored 48 Months 18

vi



ILUSTRATIONS (cont'd)

Tables Page

17. Results of Seam Test on Kraft Bags Stored 36 Months in
Carbolydrate Supplement Cans 51

18. Physical Condition of Carbohydrate Supplement Stored 36 Months 53

19. Color and Texture Scores, Mcisture Content and pH Values
for Carbohydrate Supplement 57

20. Hunter Color Values of Lemon Type Carbohydrate Supplement
36 Months 59

21. Hunter Color Values of Cherry Type Carbohydrate Supplement
Stored 36 Months 60

22. Sugar Contents of Carbohydrate Supplement Stored 36 Months 66

23. Aroma and Flavor Scores of Carbohydrate Supplement Stored
36 Months 71

24. Hedonic Ratings for Carbohydrate Supplement Stored 36 Months 72

25. Correlations of Palatability Ratings and Other Measurements
for Carbohydrate Supplement Stored 36 Months 75

vii



ABSTRACT

Results are reported on the stability of ten lots of fallout shelter
cereal rations stored for 4 years and 3 lots of carbohydrate supplement
stored for 3 years at 100°F/80% r.h., 10O0 /57%, 700/80%, 700/57%, 400/57%,
and JO/ambient r.h. Rations include 4 lots of survival crackers, 4 lots
of survival biscuits, 2 lots of bulgur wheat wafers, and 3 lots of mixed
lemon ard cherry flavored hard candies. Data include 48-month and 36-
month values, respectively, for (1) bursting strength, moisture content,
and general conditions of V3c fiberboard cases; (2) residual oxygen,
leaking, corrosion, and coating defects of 2-1/2-gallon and 5-gallon
metal cans; (3) breakage and general condition of package seals, seams
and materials, and pr.oduct units; (4) fracture strength, peroxides, and
free fatty acids of wheat products; (5) pH and sugar contents of carbo-
hydrate supplements; and (6) moisture content, color, sensory quality, and
hedonic ratings for a-- products. Results of all examinations of stored
rations, initially and through 36 and 48 months, are discussed.
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I

STORAGE STAB.ATY OF CIVIL DEFENSE SHELTER RATICUS
(ANNUAL REPORT)

Introduction

A storage study was conducted over a four-year period to determine
the stability of a variety of Civil Defense shelter rations. During this
period, 10 cereal items were deposited in storage over an interval of four
months. In addition, 3 carbohydrate supplements were stored for a three-
year term. Determinations were also made of the stability of packaging
materials in which the rations were stored.

Items stored for 4 years were:

Crackers Contract Biscuits Contract Bulgur Wafers Contract
code number code number code number

CD1 2692-62 CD2 2686-62 CD9 2254-62
CD3 2689-62 CD4 2694-62 ("white" wheat)
CD5 2687-62 CD6 2688-62 CDlO 2254-62
CD8 2691-62 CD7 2687-62 ("red" wheat)

Carbohydrate supplements, stored 3 years, were:

Code Contract Number

CD11 24018-63
CD12 24o16-63
CD13 24023-63

Storage conditions for the period were:

Code Temperature Relative Humidity
OF percent

100/80 99.9, +1.3, -1.3 81.0, 45.5, -3.9
100/57 100.1, -1.5, -1.5 58.0, +4.0, -2.6
70/b0 70.0, +2.0, -0.8 80o6, +3.0, -2.4
70/57 69.9, +i.0, -1.o 57.8, +2.1, -1.9
40/57 40.6, +4.3, -1.3 60.2, +10.3, -3.6

O/ambient 0.4, +8.5, -1.6 ambient

The unusually large deviations abcve the meares were incurred as e.
result of transferring all of the storage samples to new facilities in
a new building; these included fluctuationu, in atmospheric conditions during
the transfer and during the subsequent periods of adjustment In the six
storage rooms.

Samples withdrawn for examination at the end of the respective fourth-
year or third-year periods consisted of one case and two cans from each



of the six storage conditions for each item. Basic procedures and sample
replications for the various observations and determinations included in
the examinations are given with the results and data reported below.
Statistical treatment of data employed standard procedures for analysis
of variance, multiple range testing for significance, .md calculation
of simple correlation coefficients.

0

Methodr and Results

I. Fiberboard (V3c) Cases

Entire cases were used in all examinations excepting those for biscuit
CD4 and crackers CD3 and CD1. These three items were packed in 2-1/2-gallon
cans, six cans per case, and only 1/3 case was available for each withdrawal
from storage. Samples at 48 months for CD4 and CD3 were the first third
of newly-opened cases; those for CD1 were the remainder of cases previously
sampled at 24 and 36 months.

Ten 4-inch squares were cut from available locations on side and end
panels of each case and placed in sealed containers before removal from
the storage room. Containers were then removed to a 730F condition,
allowed to equalize at this temperature, and bursting strength determined
as rapidly as possible after opening the container, using a manually oper-
ated Mullen-type tester.

1. Bursting strength (Table 1)

As indicated by the comparative data in Table 1, bursting strength
continued to exhibit an inverse relationship to storage temperature. De-
creases at 1000 F have been definite and progressive, with much less definite
trends for moderate increases at 400 and OOF. Results from 700 F and from
0°F have been quite variable, averages generally remaining near initial at
700 and failing to show proportional increases at 00.

Temperature Bursting Strength, changes from initial values (lbs.)
Cereal Item Cases Carboh ate Supplement Cases

1 2 3 yr 4 1 + yr 2 yr 3 Yr +

70 - -16 -11 - 21 40 -19 12 7 34
40 22 22 37 43 33 6 18 12 21

0 20 37 51 28 42 -12 33 18 58

TI-ere have been suggestions of lower bursting strength at the higher
relative humidities in several sets of these data, as in those for 48 months
in Table 1, and correlations between higher moisture and lower bursting
strangth have been variously observed. However, neither of these relation-
ships has exhibited any consistent degree of significance.

2
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Supplement CD12 was the only item with initial bursting strength
below O00 psig (av. 365). As seen in Table 1, all samples held four years
at 100 F were below this specification (20% being below 300),, and four
of tea samples from 700/80% were also below the stated minimum.

2. Moisture Content (Table 2)

Samples for moisture determination were obtained at the same time &nd
in the same manner as those for bursting strength. Moisture was calculated
from weight losses of 5-grams of chopped fiberboard after heating 5 hours
at 1000C under a 29-inch vacuum.

Levels of moistwu'e in cases from the six storage conditions are given
in Table 2. Although recorded temperatures and relative humidities aver-
aged approximately the same as for the previous year, and the within-rooms
range of the 13 items was 1.1 ± 0.4% for both years, levels in the new
storage rooms averaged 2.9% higher at 1000/80%, 1.1% higher at 1000/70%
and 2.2% higher at 00 /ambient. These rooms 'iave different types of heat
and moisture control systems from those in the older rooms used previously.
On the other hand, the new 700 and 40°F rooms are essentially the same as
the older rooms, and moisture averages differed by only 0.1 _ 0.4%. Thus,
though averaging approximately the same at the point of location of the
recorder (which was placed in all instances near the center of the 'load"
of ration cases), it is obvious that overall equilibria of the rooms varied
with the type and location of control equipment.

A suoary of average conditions recorded during the weeks when
sampling was done, and results as shown in Table 2, is as follows:

100.00/79.8%; range 11.4-12.2, mean 11.6% 70. 57.3%; range 7.5- 8.2, mean 7.7%
70.00/80.1.%; range 10.9-12.5, mean 11.9% 99.-57.2%; range 7.7- 8.5, mean 8.1%

-O.4°/amn..ent, range 13.5-15.1, mean 14.4% 40.40/59.1%, range 8.7-10.0, mean 9.3%

As grouped, these correspond to four different types of control
equipment. The effects of the "wetter" atmospheres on moisture content
of the fiberboard are readily apparent, but assumption of any temperature
influence would be extremel]y questionable.

3. General Condition of Cases

With the excention, noted above, that none of the cereal item cases
and only a third of supplement cases stored at 100OF retain the specified
minimium WO0 paig burstling strength, with about 25% of the 70°F cases also
under this minimu2,, the genrral condition of cases remained adequate for
contfnued storage 'Lt• four years. All showed some evidence of staining

'4
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and "wear" . result of active use of tne storage rooms, and of two or
three necessary transfers or re-stackings during this period, but the
resulting "slightly used" appearance has had practically no influence o i
their function as containers for the ration cans. Certain of the minor
imperfections observed during the most recent examinations are given
belor; ratings for extent, where given, are on a 9-point scale.

Loose Seals. There has b )en no evidence of progressive loosening of
seals in storage. While no complete)y unsealed flaps have been observed,
several instances of partial spreading of adhesive have been noted, with
no apparent association to time or storage condition. From all examina-
tions to date, three items (CD2, 6, and 12) have had no inadequately
glued flaps, while about, 65% of the flaps of items CD5, 7 and 1-i were
unglued around the edges, resulting in s'.ight "fraying" with handling
of the cases. The other seven items average about 12% if such partially
loose flaps, again with no impairment of case function other than slight
damage to the edges of some of the flaps.

Delamination. Of the approximately 500 cases examined during the
period of the study, about 5% have had slightly delaminated areas in
loose flap corners. Only three cases have exhibited panel delamination,
all three from 700/80% storage. These were CDI at 3 years, rating 1.5;
OD4 at 3 years, rating 2.0, and CD6 at 2 years, rating 4.0. These were,
however, only 3 of 65 cases examined from the 700/80% condition, so
delamination is apparently not a serious problem in the V3c cases.

Mol. Cl ear of very light - mold were observed on the outside
and inside surfaces of some of the cases. Percentages of cases examined
and average rating for severity of molding, were as follows:

set and 2id years 3rd year 4th year
cases extent cases ex.ten__t case_ extent

% 0-9 % 0-9 % 0-9
Outside Mold
.&W -/ 60 .9 8 .3
700/80% 15 1.0 31 .4 40 .3
57% rooms - - 7

Inside Mold
.o00o/80o 2 .5 23 .5 10 .6

70o/80% 8 .7 54 .7 40 .9
57% rooms 3 .5 3 .2 10 .4

Practically all of the molded areas were on or near the bottoms
of the cases, very few exceeded a few millimeters in diameter, and there
was little or no damage to the cases. Many of the spots were small
enough to pass unnoticed except on very close inspection.

6



Sweating of Cases. Moisture stain~ig of outside surfaces of casesremained very slight, and with cereal item cases, was becoming somewiiatdifficult to differentiate from general staining and slightly soiledareas incurred in long storage and relatively frequent handling. Averagerating for sweating ,If carbbhydrate supplement cases was 0.5 t 0.3 whichis very low, and there was no significant differenne among cases from thevarious storage conditions. This apparent reduction in staining resulted
from the fact that the cases which had initially become stained fromstorage too near the doors, corners aw "control" areas of the originalsmaller rooms had been Ltili.ed on previous examinations, before trins-
ferring to the new and larger rooms. The older and more frequently handledcereal item cases averaged slightly higher, 0.8, with some difference amongstorage conditions. For these cases, staining averaged 1.3 t 1.0 from700/80% storage, 0.9 ± 0.3 from 1000/80% and 400/57% storage, and 0.6 +0.3 from the other conditions. None of the staining was severe enough todetract from further utility of the cases.

Sweating of Oans in Cases. Evidence of sweating of cans wa3 scored asrust or, in some instances, dark corrosion staining as these stains havebecome quite definite after three and four years of storage. Most of thesewere in the tops and bottoms of the cases, where the edges of the can seamshad been pressed against the fiberboard by t13 weight of the rations in the3tacks. As items, CD3, 8 and 11 averaged 0.4 ± 0.1, the other ten averaged0.8 t_ 0.1; i.e., the previously observed trend for greater anounts of sweat-ing in cases of the heavier items cbg-CD13 was not observed at the latestexamination period. Also, the carbohydrate supplements, pieviously averag-ing ca 0.3 higher than the cereal items, were as a groiup within less than0.1 point of the same average rating. Storage condition means for all
items were 1.2 t 0.5 for 70OF/80% r.h., 0.8 ± 0.5 for 1000/80%, and 0.50.3 for the other four rooms.

Collapse. As none of the four-case stacks were heavy enough to causedeformation of cans, ouL~apse consisted in the extent of wrinkling orbulging of the cases in settling dowm to rest solidly on the cans. Associa-tion of extent of this defect with ,ase weights was relatively close, thoughnot as close as in some of the previous examinations. Items CD1 and CD3,l55 b case, average -- of .85, slightly higher than before, and CD6(40 lbs) and CD4 (55 ibs) at 1.08 t .06 were definitely hi.her than usualfor these weight groups. Items CDIO, 12 and 13 (71-78 1b-) wereabou
"normal" a 1.10 - .18; the other six items at .49 t .09 were lower, partic-
ularly CD9 and CD11 which had been stored near the tops of stacks in theabove-70 lb group.

Ibee'e was still no definite pattern for effects of storage conditions
on wrinkling or bulging of the cases. Cases for carbohydrate supplements
averaged .67 + .23 at 1000, .81 ± .22 at 700 and 400, and 1.47 t .42 at
0°F. Cereal item cases averaged .82 ± .36 at 1000/80% and 400/57%, .66 +

7



.53 at the other four conditions. In other words, the effects of storage

conditions, if any, are oraetyobcrdb weg t, taking, hnln
- ~ inifluences. aprnywihhnln

Fromallpraticl asect, terehasbeen no significant fading

mean rating was more than 0.3 different from initial rating, and 74% of
the Lndividual case ratings were below 0.5 for defects in printing. Of
the 26% rated above 0.5 (20 cases, range .53-1.48, average .78), there were
a few instances of blurring of print at the time of application, all others
being due to scraping or scuffing in handling the cases. In all of the
cases examined during the four years of the study, however, the only letters
or numerals which could not be read without, difficulty were those which were
completely obliterated by physical damage before the cases were placed in
storage.

II. Metal Cans

Cans of items CDl, 3 and 4 were 2-1/2-gallon size, contain approximately
7 lbs of crackers or biscuits. All other cans were 5-gallon sizc, containing
12-1/2 - 18-1/2 lbs of crackers or biscuits (CD2 and 5-8), 32-33 lbs of
bulgur wafers (CD9, 10), or 34-36 lbs of carbohydrate supplement. All
samples consisted of two cans each.

1. Residual Oxygen in Cans. (Table 3)

Oxygen remaining in the can space was determined as the lowest read-
ing obtained whia2e passing gases from the can through a direct-reading
oxygen analyzer adjusted to a fresh air reading of 20.9% by volume. Deter-
minations were made only for cereal items, CDl-l0.

Item means as given in Table 3 were lower than at any previous period
for all items except CDl (slightly lower at 18 and 24 months) and CD4 (in
which all cans were leakers at 48 months). Only three items, however, had
lowest readings in cans from all six storage conditions; these were CD2,
0D8, and CDlO. For the other six items (excluding CD4), values lower than
those in Table 2 have been obtained as follows:

Condition Items Lower -Oxygen Values J
01 rh.CD Periods Amount%

range mode lcwer
MO. MO.%

100/80 1,3,5,9 1.2-36 24 1.81 t1.18 7.69 + 3.29
100/57 1,3,9 12-36 24 1.72 ±1.23 8.05 2.92
70/80 1 - is .75± .5 13.90 .80
70/57 6,9 18-36 36 2.29 ±2.02 10.90 ±3.25
40/57 5 - 36 1.25 t .25 17.40 ±.00
0/ambient 5,7 6-36 all .5-7 ± .33 20.17 ± .48

8
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There were 32 samples included in the readings which were lower than
those at 48 months, from a total of 300 samples read at 6-36 months. This
could have resulted from can variations, but suggests that at least some
of the cans read at the later periods may have had very slow leaks which
were not detected by leak testing. Apart from these discrepancies, deple-
tion of canspace oxygen has been relatively progressive with time, temper-
ature, and the amount of rations contained in the cans (CD6 contained
18-1/2 lbs, others 7, 12-14, or 32-33 lbs as given above).

2. Leaking Cans. (Table 4)

Leaks were detected ss streams of bubbles when cans at 73°F were
immersed 2 mjnute5 in water at 103-105 0 F; questionable leakers were
those cans emitting only a few bubbles, but whose oxygen, moisture or
rancidity values indicated that leaking had probably occurred.

During the four years of storage, leakers and questionable leakers
have amounted to 10% or more of total cans opened in items CD4 (80%
total, 100% at 48 months) CD6 (28%) CD5 and.. (15-17%) and CDI, 3 and
13 (11-13%). The other six items, CD2, 7-10, and 12, have had few leakers,
averaging only 2.5% of which 1.8% were questionable. As noted above.
certain discrepancies in periodic oxygen readings, and in some instances
in moisture and rancidity values as well, suggest that some very slow leakers,
or cans which leaked at some period but later resealed, may have passed
undetected.

As seen in Table 4, there was no significant increase in leaking cans
beyond the 2nd-3rd year except in CD4 and in the average for 400/57%
storage. Total leakers averaged 17.33% at O°F, 16.16% at 400/57%, 12.00%
at 1000/57%, and 14.89 ± .32% at the other three conditions.

3. Corrosion of Cans. (Tables 5 and 6)

External. As external corrosion consisted almost entirely of rusting,
practically all was of the pitted type. For the first time during the
storage study, there was about as much rusting on bottom and side panels
as along the seams on cans from 1000/80% and 700/80% conditions (excepting
the 5-gallon cans of supplement CD12). While only three items averaged
higher than at any previous examination, CD3 (2-1/2-gallon) and CD8 and 11
(5-gallon), there was more corrosion than at any other period on five items
at 1000/80% (C03, 4, 6, 11, 13)~ six at 1000/57% (CDl, 3, 6, 8 9, 11),
four at 700/80% (0D4, 8, 10, 115, three at 700/57% (CD2, 8, 105, and two
each at 400/57% and O°F (CD7, 8 and CD5, 8). Although most of the cans
at 1000/80% and many at 700/80% were somewhat unattractive (again excepting
012) as indicated in Tables 5 and 6, no leak has been attributed to corro-
sion during the entire course of the study.

10
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Internal. Most of the internal corrosion was surface darkening with
occasional light pitting as indicated in Tables 5 and 6. All pitting and
practically all surface darkening was located in spots where products were
in direut contact with interior can surfaces. Much of this was caused 1-
direct -ontact through torn. or perforated corners of packages in crackes and
biscuit items and, of io1urse, with the bulk-packed carbohydrate supplements
which had no packaging or can liring material. Contact was with wrapping
materials in the bulgur wafer cans, however, and in many cans of the other
packaged products, although this usually resulted in surface corrosion only
(see note below under III.A.1. condition of packages).

Only tnree items averaged as high (CD6) or highee (CDIO, 13) on internal
corrosion than at some previcus examination. Tn individual rooms, CD3, 4,

10, 1 rated higher than previously at 1000/80%, CD6 and 13 at 100°/57%, CD2,
7 6 10 13 at 700/80%, CDI, 2, 6, 13 at 700/57%, and CD13 only at 400/57% and
OF. There was no apparent temperature or humidity effect in carbohydrate
supplement cans, but a possible humidity ef~fect is seen in the 1000/80%
sample of CD4 (all oJ which leaked), CD7 and ODlO, the 700/80% samples of
CD7 and 10 and the 0 sample of CD7, with a possible temperature effect in
106OF samples of CD9. In general, however, there were no definite indications
of condition effects on internal corrosion.

4. Defects of Can Coa~.±ngs (Table 7)

No softening, peeling or flaking of coatings per se have been observed
in any of the 24-gallon or 5- -allon ration cans. Thus, all costing defects
have resulted from abrasion i% 24-gallon cans, and frc= uneven..application,
abrasion or both in the 5-gallon type. Much of the external corrosion,
possibly all of it, has been located in areas or spots from which coatLig
was removed while seaming (5-gallon cans), knocked or rubbed off in handling
(CD4 and 6) o.. applied unevenly enough (0D4, 5, 6, 9, 13) to leav-c thin easily-
damaged areas. Some secondary flaking was observed in spo+s where rust had
spread in under t-he edges of the coating around damaged areas.

The observation that high average defects for various items have oc-
curred at all periods is thus not surprising; three items each averaged
highest at 18, 24 and 36 months, two at 48 months, one each at 6 and 12
months. General averages were higher for 5-gallon cans (.86) than for the
smaller cans (.68); the fact that the lighter cans were less subject to
damage in handling probably contributed •to this, as well as the difference
in type of coating. Storage differences were not very prono'mced for the
2J-gallon cans, general averages being .79 wt the two 80% r.h. conditions
and .63 at the other four, indicating little or no temperature effect. Defect
ratings for the larger cans averaged 1.17 from .?000/80%, .84 from 1000/57%
and 700/80%, and .75 for the three less severe conditions; both temperature
and humidity apparently influenced these coatings to some extent, possibly
associated with the further effects of corrosion.

14.
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III. The Rations

A. Cereal Items

1. Condition of Packages (Table 8)

The percentages of broken seals and torn packages were calculated
from the numbers 3f packages per can. These were 15 for CD1, 3 and 4, 24
for CD2, 5, 7 and 8. 28 for CD6, and 126 for wafers CD9 and 10. Only seal
breaks or torn places large enough for one unit of product to escape the
packape were counted. Thus, many packages with small corner perforations,
suffic :ently large to allow the product to touch the inside surface of the
can (as mentioned above in connection with internal corrosion) but not to
allow units to slip out of the package, were not included in the data for
package breakage shown in Table 8.

Broken Seals. The first major seal breaks observ,.4 in the storage
of 0D2 (waxed paper) and CD6 (cel.ophane) consisted of one unsealed package
in twelve cans of each item at 48 months. Wafer packages CD9 and CD10
(waxed glassine) continued the small periodic increases in broken seals
which were observed at every examination after the first year. Practically
all of these breaks, which have never exceeded 2.0% for 0D9 or 3.2% for CD10,
were in the top layer of packages where package arrangement is irregular
because of the raised center lid of the can. Biscuit CD7 (waxed paper) has
also been low in seal breakage, averaging about 2.5% for the first two years
and 1.1% for the 3rd and 4th periods; no sample of this item has exceeded
ca 10% unsealed packages,

The other five ratione, CD1, 3, 4, 5, 8 (waxed glassine), have had
more seal bk .aks aind been more variable. The 4.8 cans of each which have
been examined since the end of the first year averaged 6.9% broken seals
for CD1, 4.3% for CD3, 15.0% for CD4, 4.1% for CD5, and 10.6% for CD8.
Highest percentages were observed variously at all periods, but periodic
averages for the five items at 12, 18, 24, 36, 48 months were 0.1%, 5.3%,
9.0%, 13.2%, and 5.3%, respectively, indicating an apparent time effec'
up to three years. Storage condition averages from 18 through 48 months
were 5.2% from 1000/80%, 7.4% from 400 and 700/57%, 8.1% from 1000/57%,
9.1% from 00, and 11.8% from 700/80%, a rather irregular pattern. Thus,
though general averages were higher for crackers and biscuits in waxed
glassine than for wafers in glassine or crackers and biscuits in waxed paper
and cellophane, individual item and can differences were by far the great-
est sources of variance in percentages of broken seals.

Torn Packages. As with broken seals, percentages of torn packages
have remained low, though not progressive, in wafers CD9 and 10, four
year averages being .33% and .12%, respectively. There have been no
torn packages in CD2, but the other waxed paper package, CD7, averaged

16
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5.4% since 18 months and the cellophane package, CD6, has had more than ti-ice
as many torn packages (13.7%) as any other item. Four year averages for
waxed glassine packages of CD11, 3, 4, 5, 8 ranged 1.5 - 3.3%, average 2.8%,

Periodic averages for the seven crackers and biscuits (excluding C]i)
at 12, 18, 24, 36, 48 months were 1.7%, 2.8%, 9.4%, 6.6%, and 3.4% respec-
tively. Corresponding averages for storage conditions were 3.4% for 1000
and 400?, 5.2% for 70°F, and 7.9% for 00F. As with broken seals, item and
can differences were the greatest sources o:ý variance.

Total Packages Broken: As shown in Te.ble 8, there were no broken

packages at J8 months in CD3, and total breakages for CD1, 6, 7, 9 and 10
were the sums of unsealed and torn packages. The single broken seal was
the only defect in the waxed paper packages of CD2. All unsealed packages
were also torn in CD5, end all torn packages also unsealed in CD8; in CD4,
some but not all defective packages were both unsealed and torn.

The time effect was definite for wafer CD10 (general average 1.30%) and
fairly definite for wafer CD9 (average .77%); together these averaged .68%,
1.06%, 1.32% and 1.43% broken packages for the four years. The other seven
items reached maximum valti- at 18-36 months, possibly because the best cases
of each item were scheduled for longest storage and cases showing any sign of
even slight damage were utilized during the first to third years. If this
had any influence on the maxima, the time effect may have actually extended
beyond the periods at which they were reached. At any rate, item differences
were quite large, 12-48 months averages being 4.7% for CD3 and 5, 7.1% for
0D1 and 7, 9.9% for c08, 14.o% for c16 (cellophane), and 15.3% for c04. For
storage conditions over this period, the seven items averaged 5.8% for 1000/80%,
7.6% for 1000 and 400/57%, 9.2% for 700/57%, 11.0% for 700/80%, and 12.7% for
00F. Increased flexibility at 100 and greater brittleness at OOF may have in-
fluenced breakage at these temperatures, 'rut the 700 and 40OF averages do not
fit the pattern. In general, both time and temperature effects on unsealing
or tearing of packages are open to question.

2. Condition of Products (Table 9)

Breakage of products were calculated as percentages of score-lines broken
in the multi-unit layers and percentages of broken units. Can totals de-
termined for these calculations were as follows:

CD Score Lines Units CD Score Lirns Units

1 22T 454 5 1286 1286

2 1172 1172 6 1713 1713
3 906 906 7 1363 1363
4 223 446 8 584 1168

19
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Wafers CD9 and CDIC both had 756 units per can, packed as individual
units (six units per package, no score lines).

Score Lines Broken. For the eight cracker and biscuit items, periods
of highest and lowest percentages of separation of units at score lines both
ranged from 12 to 48 months and averaged between 24 and 30 months.

Compared to the 48 months values of Table 9, previous low item values
were 2.5 ± 3.8% lower, previous high item values were 1.1 t 1.7% higher, and
the 12-48 months mean values were 0.7 + 1.9 lower. Thus, conside-ing the
wide ranges of high and low periods and of individual item levels, any state-
ment as to a possible time effect on broken score lines would appoar to be
extremely •. " teY As groups, crackers averaged 15.7%, biscuits 5.9%,
but cracker CD8 (7.7%) was lower than biscuit CD7 (10.9%).

Effects of storage conditions on score-line breakage were also quite
indefinite. For c-ackers, 12-48 months averages were 16.7% atd 1000/80%
and 400/57%, 15.6 - .1% at 700/80% and 00, 14.8 ± .2% at 1000/57% and
700/57%. For biscuits, 00 average was 6.8%, 1000/57% was 5.1%, the other
four conditions averaging 5.8 t .3%. Thus score-line breakage varied with
products, items, and cans within items, but apparenvJ]y not with storage time
or storage conditions.

Crumbling of edges of units was recorded for bulgur wafers as shown
in Table 9. Time and storage condition effects were also indefinite for
this defect. For CD9, crumbled edges ranged from 20.9% at 18 months to
42.5% at 24 months, average 32.8% of the units. Corresponding values for
CD1O were 36.5% to 73.6%, average 50.2%. For storage conditions, CD9
averaged 36.7 ± 1.8% for the 100OF and 700/57% samples, 28.9 ± 2.3f for the
other three; CD1O averaged 54.3 t .8% for lOOOF and 700/8K0%, 46.2 - 1.9%
for 700/57%, 400/57%, and O°F. Thus the main sources of variance were
apparently items and cans, although slightly more crumbling at higher
temperatures is suggested.

Moderate Unit Breakage. There was little indication of a time effect
on moderate unit breakage of any item except biscuit CD4, which ranged
progressively from 11.3% average at 12 months to 18.9% at 48 months. High
and low averages for other items ranged over the entire stoiage period.
General averages were .18 and .36% for wafers CD9 and CDIO; 1.8, 3.4 and 5.4%
for biscuits CD2, 6 and 7; 12.5 ± .2% for crackers CDl and 3; 14.9 ± .2% for
biscuit CD4 and cracker CD8; and 19.0% for cracker CD5. Thus items in 2j-
gallon cans (CDi, 3, 4) averaged 13.2 t 1.1%, while crackers in 5-gallon
cans were higher (17.0 ± 2.0%) and biscuits and wafers in 5-gallon cans
were lower (5.4 - 0.2%); it is probable, however, that this resulted from
item differences without association with can size.
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Temperature effects were also rather indefinite. Wafers averaged .20%
breakage at 1000F, .25% at 700, .34% at 400, -Wna .39% at 0°; corresponding
averages for crackers CD5 and 8 were 16.2%, 15.6%, 19.0%, and 19.3%. Items
CDI, 3 and 4, however, averaged 14.7 t 2.5 at 70°F and 12.5 t 2.0 at other
temperatures, while biscuits CD2, 6 and 7 averaged 4.2 _- 2.0% at 700/57%

+and O°F, 3.2 - 1.4% at other conditions. Despite the suggestion that
breakage may have tended to be higher at lower temperatures, product, item
and ,an differences were too large to permit any definite assumptions of a
temperature influence.

Crushed Units. Although only four items had crushed units at 48 months,
severe breakage was observed at various periods in all items except wafer
CD9. Among the 60 cans of each of the other nine items examined from 12-48
months, crushed units were observed in 179 of 540 cans, or about 33.1% of
the cans contained crushed units. By periods, there were 59, 47, 30, 18,
25 cans at 24, 12, 36, 18, 48 months, so a time effect seems questionable.
Temperature differences were also quite variable, OOF and 700/80% conditions
averaging 2.12% crushed units in 55 cans of crackers and biscuits, 1000/80%
and 400/57% averaging 1.60% crushed in 54 cans, and 70L/57% and 1000/57%
averaging 1.19% crushed in 67 cans. By items, crackers CD5, 8, 1 and biscuit
CD4 had 50, 30, 17, 2,3 cans averaging 2.09-1.94% crushed units, cracker CD3
and biscuit CD6 had 21 and 15 cans averaging 1.28 and 1.07% biscuits CD7 and
CD2 had 26 and 4 cans averaging .53 and .19% crushed, while wafer CD1O had
3 cans averaging 6.03% crushing from denting in of can walls. Some of the

cracker and biscuit crushing was in dented cans, while there were some showing
no physical evidence of damage.

Total Product Breakae. Total breakage, calculated from total units
per can as given aboVe, was the sum of score line and unit breakage, wiith
two exceptions: (1) score line breakage in 2-unit layers was counted at
half value for total, as there were twice as many units as score lines, and
(2) combined breakage per layer was limited to two breaks for 2-unit layers
and four breaks for 4-unit layers, even though three and five-eight breaks
may have been counted for separate calculations of score-line and iz'lt break-
ages. As shown in Table 9, crumbled edges instead of score-line breaks are
included for wafers CD9 and 10, but the general condition means and total
mean value (19.76%) include only crackers and biscuits CD1-CD8.

Periodic total means for crackers and biscuits were 18.65 ± .10% at 12
and 18 months, 21.52% at 24 months, -9.69 t .07% at 36 and 48 months, not
enough difference to indicate any time effect in comparison with the wide
ranges of item means and can differences as illustrated in Table ?. Similarly,
means for storage conditionis over this period were 18.10% for 1000/57%, 19.66%
for 1000/80%, 19.94 t .10% for the 700 and 400/57% rooms, and 20.25% for OOF,
suggesting increased breakage at lower temperatures when, in fact, almost
45% of the samples compared during the four years of storage had higher total
breakage at higher temperatures.
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Item differences Ln total breakage were significant. For the five
examinations from 12-48 months, biscuits CD2 and 6 averaged 6.4 ± 2.2%,
biscuits CD4 and 7 and Cracker CD8 averaged 18.0 1 2.7%, crackers CD1 and
3 averaged 26.6 ± 4.0%, and cracker CD5 averaged 37.2 + 2.5%; averages for
wafers, almost entirely as crumbled edges, were 33.0 ± 8.2% for CD9 and
50.8 ± 13.8% for CDIO. Many factors such as degree of baking, depth of
score lines, sharpiess of edges and coniers, cupped or flat layers, Jamming
of loose units from broken packages toward the bottoms of the cans, tender-
ness or toughness of units and, of course, extent of rough handling and can
damage, contributed to the item difference. Time and temperature differences
apparently had little influence.

3. Appearance and Color (Table 10)

Sensory scores were assigned by five experienced judges who have a
performance record of reacting in similar manner to sample differonces
(can variance ± .22 - ± .67, mean ± .41), although tendirg to use sorewhat
different rating levels (mean judge variance ± 1.]J) on the aO-1 scale
indicated in Table 10. Samples were presented six per session (one from each
storage room), two sessions per item, so duplicate cans were scored on dif-
ferent sessions; all samples were identified, and comparisons &mong storage
conditions were invited in the c:.ments.

Storage had relative little influence on appearance and color scores
of products at 70°F and below, as variations among cans were greater than
those resulting from occasional dullness at 00 or "glazing" at 70°. In
general, products at 100OF assumed a glazed appearance with some fading of
"redness" of color, but these charges were not considered very detrimental
in many instances. Thus, item differences, usually associated with degree
of browning when baked, have largely determined appearance and color scores.

Combined appearance-color scores of Table 10 are fairly typical of the
four-year storage pattern, though slightly lover (6.98) than average scores
for the first three years (7.16). Items CD1 and 6, medium browni, CDT, light
brown, and CDlO, "toasted", were scored lower at 100OF because of fading.
Comments by judges indicated that all other scores depended more on can and
item characteristics than on storage changes. As examples, CD3 and 4 (pale),
CD8 (light brown) and CD5 ("toasted") were unevenly browned in various
samples. The 0OF samples of CD2, a light brown item, were baked darker than
usual. Wafer CD9 has been the most uniform of the ration items, with general
slight fading of the medium brown color at 100OF storage. Item averages for
CD2, 3, 4 were .58 t .09 lower than averages for the first three years, and
CD1O averaged .23 higher than on previous examinations; the other six items
were intermediate, CD6 and 9 averaging .21 ± .ll higher, CD1, 5, 7 and 8
averaging .16 t .06 lower than at 6-36 months, but none having maximum or
minimum averages at 48 months.
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4. Hunter Color Values (Table 11)

Color values were determined on duplicate samples from each car,
chopped and sieved to 14-mesh, using a Hunter type color and color
difference meter set with NBS reference Maize (L = 73.8, a = 1.4,
b = 31.4

Hunter L. The L value, a measure of "lightness" of color, tends to in-
crease with fading of color or glazing of sample surface, or decrease with
darkening or dulling of the surface. There hao been very little darkening
of the shelter rations in utorage, and relatively little dulling of surface
except a slight loss of "shine" with extended storage. Thus the character-
istic change in L values has bean increase, generally proportional to
storag- temperature and, somewhat less definitely, to storage time.

The following summary of changes indicates the relationship of the L
values shown in Table ll to trends dur.ng the four years of storage:

temperature m ~ximum increases in L values subsequent decrea-se tc 4-9 mo.*
Faverage range period* ave_ a ra,_e_

units units av..mo. units units

1000 5.8_+ .8 4.3-7.0 37 l0 1..0Il.0 .0-3.1
700 4.7 .8 3.1- 6.0 35± 9 1.0± .8 .0 - 2.4

4 0 3.7 1.2 1.4- 5.0 35' 13 .8± .8 .0- 2.5
oo 2.9± .7 2.3 - 4.0 28± 9 .9+ .6 .0 1.8

*Periods of maximum L values ranged 18 to 48 months at all storage
conditi. nt.; thus periods of decrease ranged 30 to 0 months.

Samples reaching maximum L values at 48 months included CD3 (700/80%
and 400) CD5 (1000), CD6 (1000 and 400), CD7 aid CD8 (700/57%), CD9 (1000,
700/57%, 400, 00) and CD1O (1000/80% and 400); CD3, 7, 8 are pale to light
brown items, CD6 and 9 are medium brown, CD5 and 10 are dark brown.

Hunter &. The "a" values indicate relative amounts of red color when
positive, green when negative; the "pale" items CD3 and CD4 were more green
than red, but values were so small that the predominant hue was yellow. The
red component of other items (Table ll) resulted in appearance ranging from
light tan for CD2 to deep brown for CD5 and CDIO.

The characteristic change in "a" values was decrea.e, resulting trý=
fading of color, at higher temperatures. There were also slight increases,
particularly at lower temperatures, but many of these corld have been due to
sample variation, as ranges were not general ; greater than those of faded
samples at 1000F. A summary of changes, for comparison with values given
in Table ll, is as follows:
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From storage at 1000 F, items CDI, 2, 3 and 8 had no "a" values above
initial. Other items averaged .4 i .4 increase at 20 ± 8 months. For de-
creases, items CD2, 3, 4, 5 and 9 reached minimum values at 48 months, averag-
ing 1.5 ± .7 below initial values. Other items averaged 1.3 t .5 decrease
at 28 t 11 months and were 1.0 ± .7 below at 48 months.

At 700 F, all items exhibited slight increases within the first two years,
averaging .4 t .4 above initial at 18 t 5 months. Items CD2, 3, 5 and 10
reached minimum values at 48 months, 1.4 ± .7 below initial; other items
averaged .9 ± .4 below at 31 ± 17 months and .8 ± .4 below at 48 months.

Increases were slightly higher during the early yetrs at 400 and O°F,
a averaging .7 ± .2 above initial in 20 ± 9 months at 401' and .9 ± .3 above

in 20 ± 7 months at 00. Items CD4, 6, 7 and 8 at 40°F decreased to .8 ± .3
below initial at 6, 36, 6 and 24 months, respectively, averaging .4 + .3
below at 48 months; other items were lowest at 48 months, the reduction from
iritial averaging .9 ± .6 unit. At OOF, early increases averaged .9 ± .3 at
2C + 7 months; items CD2, 7 and 10 averaged .4 ± .4 below initial at 30, 6
and 12 months, respectively, and .1 ± .1 below at 48 months; the other seven
items reached maximum reduction of .5 ± .3 at 48 months.

In general, the initial increases resulted in an appearance of a richer
shade of color, xhile quite a few of the increases following low values at
intermediate perio'Is were accompanied by comments indicating dulling or slight
browning of the samples. These late increases averaged only .3 unit at lO0OF,
.1 unit at 700, .4 unit at 400, and .3 unit at 00, however, and included only
five, six, four and thfee items, respectively, so no serious degree or amount
of browning was involvwd.

Hunter b. The "'b" value denotes ye:low when positive, blue when negative.
Changes in the yeJlow values of shelter rxtion samples were very slight, and
all trends were f.r increase. The initial average for the ten items was 21.99;
the ten means shcwin in Table 11 vary from in.tials by +.26 ± .42. Periodic
means averaged 0.02 ± .04 below initial at 6, 18, 24 months and .30 ± .04
above initial at 12, 36 and 48 months, corresponding roughly to periods of
slight increase and subsequent decrease in "a" values. Thus the general trend
was slight increases in yellow with decreases in red, typical fading but not
typical browning.

The temperature pattern, also slight, has nevertheless been relatively
consistent with other trends. Averages for the "low" and "high" periods
noted above were:

6. 18, 24 mo. 12. 36. 48 mo. 6-8 tmo.
100°F 22.05 ± .07 22.43 ± .05 22.24 ± .20

70OF 21.94 ± .10 22.17 ± .09 22.05 ± .15
40OF 21.90 - .05 22.21 t .09 22.06 t .18

O°F 22.03 - .08 22.31 ± .12 22.1?- ± .17
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The trends for relative stability at 700 and 400 F, increased yellow with
fading of red at lOO0F, and smaller increases with "deepening" of color at
O°F are clearly seen even in these slight changes in the "b" component of
ration color.

a/b Ratio. Changes in the ratio of "a" to "b" provide a good index of
changes in hue for products of the shelter ration types. Initial ratios for
the items, in the order listed in Table 11, were .203, .054, .269, and .120
for the crackers; .097, .030, .219, and .115 for the biscuits; and .166 and
.238 for the wafers. Thus order of pale to brown for the rations, based on
relative values for all components, was CD4, 3, 2, 7, 8, 9, 6, l, 5, 10,
(Figure 1) and the general mean ration, .155, fell between the center items
of the array, CD8 and CD9. Initial standard difference among replicate
cans was .031, the same as at 48 months.

Reference to the a/b ratios for wafers CD9 and CD10 in Table 11 confirms
previous observations that this product did not differ much from initial hue
and chroma after four years in storage. There were storage changes--L values
increased steadily beginning with the first year as the wafers assumed a
somewhat glazed appearance, "a" values increased gradually through the second
year and returned to about the initial level by the fourth, and "b" values
fluctuated slightly with little net change through the third year and in-
creased moderately during the fourth. Thus the wafers were somewhat brighter
and slightly redder in appearance through the third year (higher L and a/b),
more glazed but about "normal" in hue and chroma at the fourth year. The
temperature effect was generally small, even between the l000 and 00 samples.

The a/b ratios for crackers and biscuits showed the fading effect of
higher temperatures on the "a" or red comp.onent. With the exception of the
darkest item, cracker CDS, which had unui0ually high "a" values and low "b"
values at 36 months, there were no average a/b ratios as high as initial
at any period of storage at 1000F. Average decreases in ratios at this
temperature were .032 1 .007 at 6-24 ronths, .039 at 36 months, .070 at
four years. All samples of CDM and CD7 and 83% of other cracker and biscuit
samples also remained below initial a/b ratio in storage at 700F. Decreases
at 700 averaged .O.0 _ .010 at 6-24 months, .019 and .052 at three and four
years. These represent easily apparent fading for all periods at lOOOF, and
for the last two years at 700.

Changes in crackers and biscuits were more variable at the lower temper-
atures. In 400F storage, a/b 'ratios averaged .007 below initial during the
first year, .014 above the second year, .005 above at 36 months, .035 below
at four years. Samples from 0OF averaged .005, .011, .030, .017, and .011
above initial at 6, 12, 18, 24, 36 months, and had faded slightly to an
average of .022 below initial ratio by the end of the fourth year. Changes
at these temperatures were generally not apparent on visual inspection, as
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differences between 40° and O° se-ples were seldom great, and there were
no reference samples eccept the lighter ones from the higher temperatures.

The relationship of color to product breakage, both ranked from low
to high (pale to browrn for color) is shown in Figure 1. Correlation of
rank order of items was .53, that for range position of items was .43,
indicating some tendency for lighter colored items to have less breakage
and darker items more. The notable exceptions were CD3 and 4, having about
20% breakagewhi.ch were apparently baked too light and fragile, and CD6,
which seemed to be baked too dark and tough to break.

5. Fracture Strength (Table 12)

Twenty units selected in a systematic manner from each can were used to
determine fracture strength. Each unit was supported by four corner blocks
of about 1/16 sq. in. area and the dull point of a weighted plunger was
rested on the center of the unit. The plunger carried fixed weights varying
from 400 to 1600 grams, depending on the fracture resistance of the unit,
and additional weight was added to the point of fracture by applyIng in-
creasing pressure on the plunger with a 1000-gram spring-loaded pressure
tester.

initial fracture ranged from 1060 g. for CD3 to 2160 g. for CD9; with
a mean of 1415 g. for the ten items. As seen in Table 12, range at 48
months was 1036 g. to 2378 g., item means 1072 g. to 2306 g., general mean
1543 g. In view of the wide range, the 147 g. standard difference between
duplicate cans, and the 145 g. standard deviation of replicate units, no
consistently significant differences have been found associated with either
storage time or temperature. There were certain rather erratic trends,
however, among various groupings of items.

In general, items CD1, 2, 3 and 7 showed higher than initial averages
during the first year, lower during the second, with a gradual increase
during the third and fourth years. By temperatures, as differences from
initial averages, this trend was as follows:

storage 6 months 18-2g months 4g months total storage
OF change change change change

100 + 61 - 60 + 31 + 5
70 +149 0 + 70 +42

4Oand o +6 +_5.+58
mean +120 -18 + 52 +35

There was both greater and less variability in trends among various
of the other six items, but the general direction of change was increase
from the beginning of storage, with fluctuations at later periods for some
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items. CD5 increased with every examination, CD4 and 8 increased in two
stages with a downward shift at 12 and 24 months, respectively. The wafers,
CD9 and 10, increased through the third year, then shifted downward at 48
months, while CD6 increased through 18 months, drifted downward through 36
months, and back to the 18 months level at 48 months. Mean values for the
six items at 6, 24, 48 months and for the total period, as differences from
initial, were:

storaRe 6 months 24 months 48 months total storage
OF change change change change

100 - 70 + 65. + 119 + 38
70 - 83 + 25 + 135 + 30

4 and 0 - 22 + 82 + +58
mean - 58 + 57 + 129 + 42

Apparent trends as illustrated for both groups of items could very well
have resulted from combinations of random variance, but suggestions of possible
time and temperature effects were as shown.

The lack of a significant relationship between fracture strength and
product breakage may be seen in Figure 1. With both ranged low to high, rank
order correlation for items was -. 04, that for fracture and breakage range
positions -. 28. The latter, which is equivalent to the direct correlation
between fracture and breakage values, indicates a very slight tendency for items
with lower fracture strength to have more breakage, as in the crumbly wafer CD10,
or less breakage with higher fracture value, as in tough biscuit CD6. CD2 and 9
ranged in the same direction as CD6, all others in the same direction as CD010,
but the comparisons were too variable for significance.

Fracture strength and color corresponded somewhat more closely, rank
order and range position correlations from Figure llbeing .50 and .52. Items
CD3 and 4 were light-baked and tender, CD7 and 8 medium brown and moderately
tender, while CD6 was brown and tough as mentioned previously. Not checking
as well, biscuit CD2 was moderately baked but fairly hard, wafer CD9 was a
rich medium brown but was quite compact, wafer CDIO quite "toasted" but crumbly,
while crackers CD1 and 5 were brown and brittle.

6. Moisture Conten,; (Table 12)

Moisture content was determined on duplicate 14-mesh samples from each
can from loss of weight after heatiing 5-gram aliquants 24 hours at 700C under
a 29-inch vacuium. Initial moistures ranged 1.42% for cracker CD5 to 4.03%
for wafer CDO1 mean 2.53%. As seen in Table 12, moistures at 48 months had
somewhat less range but about the same mean. Periodic mean values have ranged
from 2.27% at 18 months to 2.86% at 12 and 24 months, storage condition means
have differed by less than half this range, and there has been no consistent
association of moisture values with any storage effect.
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Several relatively low but statistically significant correlations of
moisture with fracture strength have been observed within items; these were
characteristically negative for crackers and positive for biscuits and wafers

as product groups, but quite variable among items. Figure 1 shows relatively
poor agreement between moisture and fracture (rank order correlation .30, range
position .34) at 46 months, but the average trend was positive except for CD3,
6, 8 and 10. Items 3, 8 and 10 had relatively higher moisture than fracture
value, CD6 high fracture with lower moisture.

Correlation with brekkage was slightly higher (.32 rank order, .3? range
position), with color somewhat lower (.21 and .20, respectively). Low moisture
items CD7 and 5 had moderate (CD7) and high (CD5) breakage and color; high
moisture wafer CD9 had moderate breakage and color, though all three measure-
ments were high for wafer CDlO. Other moistures were in the moderate range,

with higher color for CD1 and 6, lower color for CD3 and 4, lower breakage for
CD2 and 6.

Perhaps the best sum&, •- for moisture is that it was apparently not very
closely related to anything except items.

7. Rancidity Values. (Table 13)

Peroxides. As initial products of oxidation, peroxides were determined by
extracting fat with chloroform, mixing extract with 1.5 volumes glacial acetic
acid, reacting with potassitur iodide, and titrating liberated iodine with sodiom
thiosulfate. The general pattern has been about the same for all items at all
temperatures: (1) increase over the first year as oxygen starting at normal
tension was utilized in reactions stimulated by baking End canning; (2) more or
less sharp decrease to low values at periods ranging from 18-36 months as peroxides
were involved in secondary oxidation reactions, and (3) a slow and relatively
uniform "steady-state" increase over the last one or two years of the four-year
period.

The period timing of tho pattern, and the high and low levels reached. have
varied considerably with temperatures, products, and to some extent, with leaking
cans. All items except CD4, the biscuit with more than 80% leaking cans, reached
high 1001F peroxide values at 12 months, crackers averagin3 25.4 m-eq., biscuits
6.1, wafers 3., from initial values of .8 for crackers and biscuits, 1.7 for
wafers. At 70 F, wafers had high values averaging 10.4 at 12 months, while
high values for crackers at this temperature, averaging 4.3, were reached vari-
ously at 12 months or during the second increase period at 36 or 48 months.
All biscuits at 70OF ard below, and crackers at 400 and O1, reached higher
values during this second increase period, but high levels for wafers were
at 12 months even at the lower temperatures, averaging 5.6 at 40O and 4.1 at O°F.
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The reason for noting the variations in pattern is that aroma and flavor
of the products were related to these variations. The sharp increases in
cxidation at the higher temperatures during the first year seldom had much
influence on sensory quality, except a slight staleness, as the reactions were
apparently producing mostly peroxides, which are odorless and tasteless.
Staleness appeared during the subsequent periods when peroxides were, it is
assumed, being depleted by secondary oxidation reactions. During the inter-
mediate periods, crackers and biscuits dropped to average lows of 1.2 and .7
at 1000F, .6 and .1 at 700, and .05 for both at 400 and 0O; wafers averaged .1
low at 1000 and 700 but did not drop below .2 at the lower temperatures, from
highs above those of crackers and biscuits ac every temperature except 1000.
Thus the wafers apparently established a "steady-state" pattern earlier than
crackers and biscuits and were generally scored lower on aroma and flavor; in
fact, wafers at 70P-O°F were scored lower than those at 1CO in some instances.

The peroxide levels resulting from the second period of (gradual) increase
are given in Table 13. Aroma and flavor scores for rations at 1000 F, and to
some extent at 700, have dropped during this period, and most of the samples
have been marked rancid at 1000 and definitely stale at 700, The peroxides
actually do not vary among temperatures as much as at earlier periods, but
aldehydes and other secondary products have apparently accumulated to the limits
of taste tolerance at 1000.

The relation of 48-months item residuals of canspace oxygen to mean
peroxide levels is shown in Figure 2. Rank order correlation is .24, range
position correlation .09, indicating very little association. Higher peroxides
with lower oxygen are seen in items CD9 and CD6. Peroxides were relatively high
in the high-oxygen leakers of CD4, and relatively low in CDl and 2, which have
retained more oxygen in non-leaking cans than any other items. CD10, however,
had low oxygen and peroxides (except at 400F), while CD3, 5, 7 and 8, with in-
termediate oxygen levels, spread over 75% of the peroxide range. Thus the relation
of peroxides and oxygen residuals is rather obscure.

Free fatty acids. The free fatty acids were titrated by combining equal
volumes of neutral ethanol with the chlo:.-oform extracts of the fats and neutral-
izing with ethanolic alkali solution. Initial values, in the order listed in
Table 13, were .17, .23, .19, .36, mean .24% for crackers, .16, .61, .13, .26,
mean .29% for biscuits, and .34, .32, mean .33% for wafers. Although hydrolysis
of fats is frequently associated with high moisture, the only suggesticn of such
among the CD rations was with the high-moisture wafers; crackers CD3 and CD8
and biscuits CD4 and CD7 contained lower quality fats, particularly CD4.

The pattern of changes in free fatty acids was different from that of
peroxides in that there was no general increase in free acids during the first
year of storage. The lowest values determined at 100°F averaged .22% for crackcers,
.28% for biscuits, .42% (some increase) for wafers at periods ranging 6-24
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months. Corresponding lows at 70OF were .17, .24 and .32% at 6-48, 18-48,
and 24 months, respectively; at 40OF and O°F, lowest values averaged .15%
at 18-48 months for crackers, .24% at 24-48 months for biscuits, .31% at
18-24 months for wafers. As free fatty acid3 oxidize as readily as intact
fat*2 possibly more readily, it seems probable that low acid values were as-
sociated with periods of most active oxidation.

All samples averaged higher in free fatty acids with increasing storage
at 100OF, and there were slight increases at the lower temperatures, partic-
ularly in wafers. Highest values obtaLned at 1000 averaged .67% at 36-48
months for crackers, and .66% and .89% at 48 month.s for biscuits and wafers.
High values frcm 70Q storage, ranging 6-48 months for crackers and biscuits
but at 48 months for wafers, averaged .28, .35, and .49% respectively. From
40c and 0OF, corresponding highs were .26, .33, and .42%.

There was less direct association of changes in acids with sensory
changes than observed with peroxides, but samples containing more than
.5-.6% free acids were usually described as having a slight "soapy" or
"acrid" flavor. As saen in Table 13, this applied to the iOO°F samples of
CD3, 7, 8, 9, 10 and to all samples of OD4, although the latter were ioted

only infrequently at lower temperatures.

The correlations of free fatty acids with peroxide values are Wilustrated
in Figure 2. Rank or-der correlaticn was .636 amd range position .614, in-
dicating a fair agreement between tne two measures of fat rancidi.ty. CD1
and CD9 corresponded closely on low end high ends of the range, respectively,
and agreement was within 20% for CD2, 3 and 8, again covering most of the
range. CD6 and CD1O agreed very poorly, CD4, 5 and 7 were divergent by about

30% of the range; there appeared to be no tende.cy for agreement br lack of
agreement- to be associated with levels of either peroxides or free acids.

With canspace ox.rgen and free fatty acids, rank order correlation was
.188, and range pcsition .016. No cnnsistent relationship between these
two factors has been observed during the study.

8. Sensory Scores for Texture, Aroma and Flavor (Tables 10 and 14)

Texture. All senccry scores were obtained as described above for ap-
pearance and color. With moderate periodic fluctuations and some reduction
at 1000 F, texture scores i.. general averaged about .45 below initial average
through the first three years. At four years (Table 10), cracker 0DI and
biscuit CD6 averaged above initial, but the othe' items averaged about .85
below. Most of the decrease wns at 1000, with some at 703, very little at
400 and O°F.

Cracker CDI at 48 months averaged .85 above initial and .53 above the
6-36 months mean, with temperature differences as showrn. The other crackers
were under initial average, 7.17, by 1.62 At 1000, .75 at 700, .33 at the lower
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•: temperatures. Similatly, biscuit CD6 averaged .17 above initial, and exactly

the same as at 6-36 months; other biscuits, although higher than CD6, were
nevertheless under initial, 8.07, by 1.83 at 1000, 1.07 at 700, .67 at 400 and •
0'. Wafers averaged 6.00 initially, 6.32 at 6-36 months, 5.82 at 48 months,
the latter being .38 anid .20 below initial at 1000 and 700, .02 above at 400

: and 00.

No explanation was suggested for the increase in t.exture scores of Scracker CMI; this item averaged 6.22 and 6.37 at 6 and .12 months, 6.81 +

I!

.02 at 18-36 months, 7.35 at 48 months. Fracture strength decreased roughly
•'! in proportion to increased texture scores through 36 months, but as backnear initial level at 48 months. The decrease in other items at 1000 and

i '70 F probably resulted in part as a reaction to increased rancidity and

Iii

staleness; fracture strength averaged only slightly lower at I00,, no lower I
at 70s, the only unquestionable difference being in aroma and flavor e

Aroma. General mean scores for aroma were 6.87 for initial avert.ges and
6.03, 5.92, 5,81 and 5.63, at the four yearly examinations. For pro4ucts,
initial averages were 6.95 for cracgiers; 7.12 for biscuits, and 6.20 for
wafers. Scores given in Tsble st averaged the following decreases from

36-months and initial average levels:

temerathire crackers biscuits Wafers
OF decrease from decrease from decrease from

36nmo. initial .ee as. initial a6 t 1. and

100 .81 3.64 1.65 4.32 .92 1.9770 F52 p1.12 .70 1.61 .30 1.30

0 .3 1. 2 .62 .8C .35 .15
0 .47 .25 .45 .32 -. 15 -. 45

Thus, decreases in aroma scores during the fourth year were proportionally
larger than for previous periods in all product storage initcraers stored
at 59,OF and wafers at 705. Note that all y00 and OOF averages at 36 months
were above initiall veragee except that for biscuits at 400, and the 00 average
for wafers is still above th 1 initial averages Present low scores, 2.2 for

CD6, 7, 8 at 100°F, correspond to a rating of about 4.65 on the hedonic scale,
and the 1000 mean score, 3.29, to about 5.2r,- hedoni.,. whereas the hedonic
avferages actuallyq assipmed (Tabla 15) were 3.47 and 4.00 for CD6. 7, 8 and
the general mean at 106P,

Fla6osor. initial flavor scores averaged lower vthan area scores for
crackers, 6.42 and wafers, 5.80, but higher for biscuits, 7 W52. General

initial and year-ly averages were 6.74, 6.15, 5.81, 6.W0, and 5.00, •higher
than aroma averages at one and three years. Product and temperature decreases
from 36-dnchs and initral levels for the scores of Table ty are as follows:
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temperature Crackers Biscuits Wafers
tF decrease from decrease from decrease from

36 mo. initial 36 mo. initial 36 mo. initial

100 1.00 3.36 2.00 4.7? 1.27 1.35
70 .91 .87 .96 2.10 1.00 1.20
40 .40 -. 05 .77 1.15 1.15 -. 10

0 .52 -. 02 .47 .40 1.10 -. 15

Thus, greatest average decreases were during the fourth year in all pro-
ducts and storages (there were certain item variations). These decreases
were from ave.: ge levels above initial in crackers at 70°F and below, wafers
at 400 and 00, and biscuits at 00; crackers and wafers still averaged above
initial after 48 months at 400 and 00, as initialowere relatively low for these
products. The low average, 1.75 for CD7 at 1000F, and the 3.22 mean at 1000,
correspond to 4.41 and 5.23 on the hedonic scale, with corresponding hedonic
ratings averaging 3.66 and 4.17; the sensory quality judges were apparently
scoring somewhat high in an attempt to eliminate "like or dislike" bias from
product quality evaluation.

The combined item averages of Table 14 are ranged for comparison with
other stability factors as Sensory Quality in Figure 2. Correlations witn
canspace oxygen and rpncidity values as ranged were:

rank order range position
sensory quality with:

canspace oxygen .21 .20
peroxide values .98 .91
free fatty acids .49 .52

The relationship with canspace oxygen is *Vey slight, CD2 (relatively
high) and cD6 (relatively low) being the only good matches and CD3, 5 and 9
(moderate to relatively low) being fairly close. Correlation of low to high
mean scores wit'h high to low peroxide values was very ood. CDI (lower P.V.,
higher score) and CD? and 8 (higher P.V., lower scores) corresponded exactly
and CD5 (mid-range) and CD6 and 9 (lower scores with higher P.V.) averaged a
spread of less than 10% of the range; CD3 and 10 (lower P.V.); and CD4 (higher
P.V.) varied 'r about 20% of the range.

Thougi' not statistically significant, some relationship was also guggested
between senrory quality and free fatty acids. CDI (lowest F.F.A., highest

* scorea) and CD3 (mia-range) corresponded exactly, while CD8 and 9 (high FFA,
low scores) matched within 15% of the range. CD2, 5, 7 and 10, however, spread
23% to 39%, and CD4 and 6 averaged 53%; i.e., scores and F.F.A. were apparently
unrelated in these items. The total pattern indicates, nevertheless, a trend
for a negative reladionship between sensory scores and rancidity values.
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9. Hedonic Ratings for Aroma, Flavor and Palatability (Table 15)

The hedonic rating panel consisted of 25 judges selected at random as
available from a pool of about 100 people. Samples were rated in sets of
six per judge per session, each set containing one can from each of the six
storage conditions flor a single item; thus, duplicate cans were scored on
different sessions. The six samples for each session were randomly assigned
to the six positions of a systematically arranged 6 x 25 b plan, the
arrangement being such that each sample appeared in each of the six presenta-.
tion positions (1st to 6th) about the same number of times, and each of the
25 blocks (plates) had the six samples in a different sequence. Arranged
thus, the six samples were presented together, with scoring order numbered,
so that direct comparisons could be nade by any judge who so desired, and
comments on these comparisons were invited. 'Me numbrical scale was the
customary 9-point hedonic range from "like extremely" to "dislike extremely".

Aroma. Initial ratings averaged 5.85 for c~ackers, 6.42 for biscuits,
and 5.45 for wafers. Mean ratings for the four yearly examinations were
5.66, 5.52, 5.48, and 4.96, as compared to initial general mean of 6.00.
The ratings for 48 months, shown in Table 15.. averaged as follows in com-
parison to initial ratings and previous low scores:

- .temperature Crackers Biscuits Wafers
OF decrease from decrease from decrease from

initial previous low initial previous low initial previous low

100 1.86 .33 2.57 .92 1.13 .26
70 .55 .29: 1.05 .40 .68 .02
40 .18 .02 .83 .23 .23 -. 16

0 .14 -. 06 .51 .12 -.11 -. 36

Thus, crackers and wafers at O°F and wafers at 400 averaged higher at
48 months than at some previous period, and wafers at 00 averaged .11 higher
than initial. As seen in Tabli 15, 1000 samples of CD6, 7, 8 and one of CD5
averaged below 4.00.

Flavor. Initial averages were 5.90 for crackars, 6.72 for biscuits,
and 5.60 for wafers for a mean of 6.17. Yearly means were 5.78, 5.66, 5.53
and 5.04. Differences between 48-months ratings and initial and previous
low ratings for products and temperatures were:

tem~erature Crackers Biscuits Wafers

OF decrease from decrease from decrease from
initial previous low initial previous low initial previous low

100 1.84 .25 2.67 .87 .96 .21
70 .66 .21 1.30 ..53 .63 .04
40 .32 .03 .94 .26 .12 -. 06
0 .32 .06 .77 .26 -. 22 -. 58
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Wafers averaged higher than for some previous period at 400 and O°F,
and higher than initial average at 00. The 100OF samples of CD7 and 8,
and one each of CDI and CD6 were below 4.00.

Palatability. Initial averages were 6.11 for crackers, 6.66 for biscuits,
and 5.50 for wafers; for a mean of 6.21; yearly means were 5.97, 5.82, 5.75
and 5.21.

Reductions in ratings at 48 months from initial averages and previous
low ratings were:

temperature Crackers Biscuits Wafers
OF decrease from decrease from decrease from

initial previous low initial previous low initial previous low

100 1.64 .49 2.16 .79 .84 .39
70 .72 .27 1.14 .42 .42 .17
40 .53 .1i .84 .23 -. 02 -. 13

0 .51 .10 .66 .14 -. 33 -. 52

Wafers stored 48 months at 40O and OF averaged higher than previous
low values and initial values. As seen in Table 15, this did not result.
from scores being higher than for crackers and biscuits at these temperatures,
but from both initial and previous scores for wafers being lower. Wafer scores
at 1000F for all three hedonic ratings were above those of items CD6, 7 and 8,
however; CD7 and 8 scored below 4.00 for all ratings at this temperature.

Correlations of combined means for Lhe hedonic ratings of the ten items
with the other factors connected with stability are illustrated in Figure 2.
These were calc,.iLted as follows:

I rank order rane position
hedonic quality with:

canspace oxygen .43 .43
peroxide values .52 .40
free fatty acids .ll .06
sensory quality .57 .48

For canspace oxygen and hedonic quality, items CDl, 2, 4 and 5 averaged
only 3.5 t 1.0% spread in range position, CDl, 2 and 5 being mid-range, CD4
having high ratings with high (leaker) oxygen. CD7, also mid-range, was
the only other item which was close (spread about 17%), so the general rela-
tionship of hedonic quality and canspace oxygen applied to only about half of
the items. With peroxides only one item, CD3, checked exactly (highest P.V.,
lowest rating), and CD5 was within 20% spread with low rating, a moderate
oxygen level. Five items, CD2, 3, 7, 9, 10 spread 24-37% of the range, ac-
counting for the low-level correlations but too generally scattered for
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practical association. Free fatty acids present a different pattern; CD2,
6, 7, 8, 10 ranged within 8-18%, the others from 38-98% spread, so although
the group correlation& were very low, half of the items checked fairly well.

CD8 was on the low rating-high acid end and CD2, 6, 7 and 10 in the mid-
range for ratings and somewhat more widely spread in FFA content. Finally,
sensory and hedonic evaluations of quality, with the highest correlations of
the group, had one item checking exactly, CD8 ea. the low ends of the ranges,
and CD2 was within 6% toward the high range. CD5 spread about 14% in low
to mid-range; the other seven items ranged 22-47%, yielding a fair-sized
correlation but not close enough for significance.

The above gives some idea of the relationship of the various measure-
ments among items, independent of storage effects except as they influenced
general item means.

10. Correlations of Palatability Ratings and Other Measurements (Table 16)

The correlations of Table X6 were among samples, including temperature
effects for items and product groups. It is seen that practically all of the
correlations with oxygen (except CD9), a few with peroxides, every one with
free fatty acids, and every one with sensory aroma and flavor are consider-
ably higher than those illustrated for items only in Figure 2. Thus, such
storage effects as increase in L and decrease in "a" and a/b color values,
depletion of oxygen, and develo3ment of increased perOxide and free fatty
acid levels, all associated with higher temperatures, resulted in most of
the significant correlations of 'able 16, as flavor and aroma are adversely
influenced by most of these reactions or by factors which cause them to take place.

One of the interesting sets of correlations is the •roup for sensory aroma
and flavor (by five experienced Judges) vs palatability (by 25 judges with less
experience). Simple averages and standard deviations of these correlations over
the four years of storage are as follows:

6 months: +.14 j .40 24 months: +.59 + .25
12 months: -. 43 ± .27 36 months: +.81 ± .13
18 months: +.50 1 .20 48 months, +.88 1 .10

It is apparent that the two panels were reacting generally to the same
sample characteristics at the third and fourth years. The sensory quality panel
noted and scored small differencc which the larger hedonic panel tended to
ignore at thn. first three examinations (the hedonic panel frequently rating all
samples low because some members had not yet decided to tolerate the rations,
good or bad). By the second year, sample differences associated with storage
were beginning to bring the results of the two modes of evaluation closer
together (there being no longer any question that some samples were becoming more
intolerable than others, even among the "dislike" members).

Judging from the correlations at 36 and 48 months, eud considering which
panel may have been more nearly correct in evaluating the rations during the first
two years, it begina. to appear that an experienced panel of five or perhaps ten
members could probably produce a reliable evaluation with a g:eat deal less
expenditure of effort than that required to conduct and process the results of
the larger panele,
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B. The Carbohydrate Supplements

The hard candies of the carbohydrate supplement consisted of two flavors

and colors, lemon and cherry in equal parts. The two types were examined
separately for all determinations except taste panel scores, for which only
comments were separate. Data and discussions are based on cans and items,
however, except in instances where there weze distinct differences as in
color values, and type variations are noted only when they were observed.

Through threa years of storage, 66 cans of each of three items, CD.L1,

12- and 13, have been examined. The first 18 cans of each were checked in
detail, and for certain measurements the first 30 cans were checked. Some
of the characteribtics associated only with the product and unaffected by
storage were checked no further. Among these were counts of pieces per
pound, percentages of lemon and cherry types per can, percentages of un-
sanded, off-shape and off-color pieces and certain measurements on the
small kraft bags which were packed in the top of each can.

Characteristics of the product as received, based on 18 cans except
that net product weight was recorded for all samples, were as follows:

CDUI CD12 CD13

net product weight, lbs* 34.20 t .71 35.78 + .20 34.03 _ .34

piece count per pound:
lemon 118.1 _ 4.1 87.8 + .5 87.8 + .4
cherry 121.1 ± 4.7 90.5 ± 1.8 88.4 T 1.0
mean 119.7 t 4.4 89.2 + .8 88.1 - .7

count % per can: lemon 48.3 +l.04 48.3 + 1.9 49.2 4 4.2
cherry 51.7 I0.f4 51.7 + 1.9 50.8 + 4.2

unsanded pieces, count %:
lemon .02 1 .05 .15 + .36 .00 + -

cherry .06 ± .08 .06 ± .26 .01 ± .03
total .08 ± .10 .21 + .52 .01 ± .03

off-color pieces, count %:
lemon .01 .03 .01 ± .02 .05 + .07
cherry .01 + .02 .00 - .01 ± .05
total .02 + .03 .01 ± .02 .06 ± .06

off-shape pieces, count %:
lemon 2.43 ± .93 .58 ± .31 1.68 ± .61
cherry 2.82 + 1.52 .51 .34 1.26 + .70
total 5..?5 1 1,80 1.09 1 .46 2.94 ± .90

*includes all product which rode an 8-mesh screen. Xeterial
passing 8-mesh, as percent of total net weight, is discussed below.
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1. Condition of Candy Bags (Table 17)

Measurements of internal size and length of top lip of the bags were

discontinued after 12 montLs, giving 28 sets of measurements per item.

Internal size. CDl were all normal 300 x 500 (3 x 5 inches). CD12 were
85% normal, 6% 213 x 500 (can code, 2-13/16 x 5 inches), 5% 300 x 413,
b% unsealed on one side. CD13 were 83% normal, 14% 300 x 508, 3% 208 x 500.

Top lip. CD.U had 83% normal 04 (4/16 inch), 17% 03. CD12 had
86.5, normal, 5% 07, 4.5% 03, 3.5% 05, 0.5% 02. CD13 had 96.5% normal,
3.5% 05.

Counts of bags per can, measurements of width of side seams (there
were no bottom oeams, the b%gs being fclded strips sealed along the sides),
and tests of strength of seams were made on all cans examined. The seam
test was a 1-lb steady pull for 5 minutes at 730F/50% r.h., using a 1-inch
section of seam.

as r can. Usable bags (a few vere unsealed or torn) were counted
in cans of each item. CD11 bad 20 bags in 88% of the cans, 19 in 4.5%,
21 in 3%, and 17, 16 and none in 1.5% (1 can) each. CD12 had 20 bags in
71.3% of the cans, 19 in 9.1%, 21 in 7.6%, 18 in 4.5%, 11 in 3%, and 17, 15
and none in 1.5% each. CD13 had 86.3% with 20 bags, 7.6% with 19, and
6.1% with 21..

ifidth of aide seams. Normal width of the side seams is 04 (4/16 inch).
Of 301 seams measured for" CDl, 3042 for CD12, and 3074 for CD13, total
9134 seams, percentages having various widths from 00 to 13 were as follows:

width CD21 CD12 CD13 Total width CD11 CD12 CD13 total
-- 7 - -% __7- __ 7 ,7

00 - .95 - .32 07 4.28 5.42 11.74 7.17
01 .66 1.35 - .67 08 - .66 9.70 3.48
02 5.83 .66 .72 2.39 09 - .26 .10 .12
03 4.27 2.56 .29 2.37 10 - 1.38 .81 .73
04 66.27 74.56 62.36 67.71 11 - .59 - .20
05 1.59 2.07 - 1.22 12 - .17 - .05
06 17.10 9.37 14.25 13.56 13 - - .03 .01

Seam test. There was no indication of increase in defective seams of
item CD12 with storage, and only a small increase in linear amount of sep-
aration but no increase in percent of seams involved in CDII. Results for
percentages of partially s&d completely separated seams, and linear amount
of separation in those sepirating only partially, are given for the first
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two and third years in Table 17. Seams of item CD!3 had 8.8% complete sep-
aratioa and 6.-1% partial separation up to 24 months, with 17.9% complet.- -=ed
4.6% partial separation at 36 months. Thus, abn-", '".3 u.L Tne seams in these
bags of CD13 were defective durin- t:.o 1 L.rst two years (with some increase
with time within this periodA, and about 22.5% were defective at three years.

There wa no consistent effect of storage conditions on seam defecta,
as earh of the significant differen-res among conditions resulted from one
or more of the more or less randomly scattered high values observed in
various samples.

2. Condition of Candy (Table 181

Chipped and broken piecer and clrimping of pieces are characteristics
which could be kifluenced by storage and handling. Percentages of these
defects at 36 months, by ccunt, are given in Table 18. Also given are
data for material passing an 8-mesh screen, consisting largely of sanding
sugar but also including tiny bits of candy which were small enough to
pass the mesh.

Chipped pi-ces. These were defined as pieces which remained at least
75% intact, but from which bits of surface or corners were chipped off.
Initial percentages were 4.9 for CD11, 10.3 for CD12, and 5.3 for CD13,
for a ý.aan 6.8. CD11 averaged below initial at all examinations (3.25%
for 6-36 months) but CD12 and 13 both averaged above, though not higher at
36months than at 6 (CD12 and 13) or 24 (CD!2). General storage average for
CD12 was 14.78%, that for CD13 was 6.16, so most of the increase over initial
was in CD12, with no definite indication of a time effect. There was also
no definite temperature effect, although the 400 and O°F samples averaged
slightly higher at the last two examinations.

No average differei.ce was found between chipping of lemon and cherry
types in CD11 -nd 12, but 65% of the cans of CD13 had uore chipped cherry
than lemon, ana total average for this item was 2.78% lemon and 3.32% for
the cherry in the chipped pieces.

Broken pieces. These were defined as bits of candy ranging from those
large enough to ride the 8-mesh screen up to 75% of a whole piece, but were
calculated as count percent broken pieces only for amounts in excess of that
rtý;uired to restore all chipped pieces to normal weight. Thus, with reduc-
tions in weight for chipped pieces averaging 24.6%, 2.7%, and 11.6% for CaIl,
12 and 13, respectively, .246 x 3.25 = 0.80% of CDUI, .027 x 14.78 = 0.40%
of CD12 (corrected by an average of .17% "missing bits", as explained below,
to 0.23%), and .116 x 6.16 = 0.71% for CD13 were present as broken bits in
addition to amounts which have been listed as broken pieces in the data.
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Count percentages of broken pieces in excess of bits from the chipped
piece averaged 2.65% for CDUl, .25% for CD12, and 3.08% for CD13 in the
cans eramined initially. From storage, with no indication of a time effect,
averages for 6-36 months were 1.01,- .17, and .96%, respectively, or an
overall average of 1.99 - .60 = 1.39% less than initial. The reduction
probably resulted from the difference in amounts of damage for initial
and stored cans, as the three cases of each item examined as initials were
those which had received the most damage in shipping. The -. 17% average
for CD12 was derived from the fact that this item averaged .17% more re-
duction from normal weight of chipped pieces than the total amount of
chips found; apparently some of the chipping occurred before the product
was packed, so the chips did not get into the cans. Alternately, the
shortage could have resulted from underestimation of counts per pound in
CD12, but -. 07 and -. 09% shortages were found in cans from which counts
per pound were determined at 6 and 12 months, while shortages in cans opened
later, estimated from the earlier counts, averaged -. 07, -. 60, and .00%.
Note: All weights from which the small percentages of defects were deter-
mined, as well as those used to determine count per pound, were made in
grams to eliminate the possibility of inaccurate weights.

There was no consistent temperature effect for broken pieces from the
various storage conditions, and the average difference between lemon and
cherry types was .025%, with no item difference in excess of .09%. Ap-
parently, the difference in mean percentages, .98 for CD11 and 13, -. 17

for CD12, was the only significant effect connected with broken pieces.

.ieces stuck together. As seen in Table 18., clumping of the candy did
*l mv.:ve any great amounts of the pack, but within the range for each item,

can vaziations were fairly large. Initial percentages, counted for five cans
of each item, were 1.69 1 1.13 for CD11, 0.13 ± -. 07 for CD012, and 0.46 t .13for CD13. Among the 60 cans of each which were examined from storage, CD11

ranged from .05 to 7.87, mean 1.73%, CD12 from .00 to .26, mean .08%, and CD03
from .00 to 1.25, mean .34%.

In CD11, about 71% of the pieces involved were in clumps of 2 pieces,
with 13, 5, 3, and 3%, in clumps of 3, 4, 5 and 6 pieces, respectively; the
other 5% caisisted of 6 clumps of 7 pieces, 5 of 8, 2 of 9, 1 of 11, 3 of
13, and 1 eAch of 14, 17, 39 and 42 pieces. Two cans, stored at 70OF/57%
r.h., had loose lids and the product came from the containers in 34-lb blocks,
which broke up in being removed and were finally recorded at 1.8 and 3.4%
clumping, these being the amounts which were firmly stunk in doublets and
triplets. in CD12, averaging only .08% total clumping, 91% of the stir.king
was in doublets, 9% in triplets. CD13 averaged higher, .46%, tut there was
only one clump of 4 pieces and one of 5 pieces, 8% of the stuck pieces being
in triplets and 91% in doublets.



As in the two cans of CD11 with loose lids, some of the clumping was
associated with leaking cans, but most, was apparently not. For example,
again in CDll, there were 12 leakers, wibh clumping below 32s in 5, 1-2%
in 4, 3.2% in 1 and 6.1% in 1. In the 54 non-leakers, there were 23 below
1%, 9 at 1-2%, 4 at '1-4%, 1 at 4.7% and 1 at 7.9%. Similarly, 2 leakers
in CD12 had .00 and .19% clumping, non-leakers ranged .00 -. 26, mean .08%;
and 6 leakers in CD13 ranged .00 - .67, mean .43%, while 59 non-leakers
ranged .00 - 1.25, mean.34%. The same variation was observed with moisture
content, the net result bei.ng that, with the exception that CD1l (and CD13)
averaged 1.68% moisture as compared to 1.49% average in CD12, there was no
consistent relationship between moisture content and clumping in CDl1 and
CD12. CD13 had an association of type (lemon or cherry), moisture and
clumping, as seen in the following comparisons of types.

Item CDll had an overall average of 48.3% for cherry type candy and 48.9%
of the clumping was cherry. General averages for moisture contents were the

•ame, 1.68 and 1.67%, for the two types. It was observed, however, that
while the 92% of the clumped pieces in clusters of 5 or less averaged 43.3%
cherry, the 8% in clusters of 6-42 pieces averaged 76.3% cherry, the red
type being higher in 32 of the 40 clusters involved. Moisture content was not
associated with this preponderance of cherry in the high-count clumps. CD12
averaged 38% cherry in the clumps at 0 and 36 months, 47 and 56% at 6 and 12
months, 83 and 87% at 18 and 24 months, general average 61% cherry, with
moisture averages 1.49% for lemon, 1.48% for cherry, maximum difference for
any can .09%.

Item CD13 presented an entirely different pattern regarding type, moisture
and clumping. The 2-count clumps (91% of clumped pieces) averaged 71% lemon,
the 3-, 4-, and 5-count clumps were 100% lemon. By periods, moisture contents
and types of candy included in the clumps were as follows:

Initial 6 mo. 12 mo. 18 mo. 2mo. 36 m.
moisture, %:

lemon 1.79 1.96 1.03 1.47 1.73 1.73
cherry 1.27 1.80 1.70 1.30 1.55 1.78

clumping, %:
lemon .45 .14 .34 .29 .30 .13
cherry .01 .10 .ll .08 .08 .13
total .46 .24 .35 .37 .38 .26

Thus, clumping &f CD13 was apparently associated with moisture differences,
which were largel. between types; the very low clumping of CD12 was probably
associated wit:i the generally lower moisture (about 0.20% lower than CDll
and 13). The increased clumping and the type differences of CDll, however,
were apparently caused by factors, possibly including variable handling during
packing, which were not determined in the present study.
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There was no definite association of clumping with storage time, but
CDI was lower (1.17%) than usual (2.00%) at 24-36 months, CD12 and 13
slightly lower at 36 months. Storage conditions may have exerted some
influence in that (1) the first, third, fourth and sixth highest values of
CDU were from 100*F (average 4.95%) and the second highest, 6.09%, was
from OF; (2) of 21 can values above average for CD12, 7 averaging .17%
were from 1000, 5 averaging 18% were from 0 % 9 averaging .15% were from
700 and 400; and (3) 11 high cans of 0D13 averaged .54% from 100%, 4 averaged
.66% from 0%, but 8 also averaged .66 from the other three conditions. Thus,
the extreze temperatures appeared to produce more of the extreme values
(about 65%), but the temperature pattern was far from definite.

As clumping probably resulted in most instances from surface moisture,
packing under temporarily L1gh humidity, or can leaks (those detected and
possibly others which were stopped before leak tests were made) could have
accounted for most or all of the clumping. Condit.Zons such as these could
cause surface moistening with amounts of moisture slight enough to have
little influence on the process moisture levels in the candy.

Material passing 8-mesh screen. Consisting largely of loose sanding
sugar but with some tiny bits of candy, material smaller than 8-mesh averaged
higher in CD1l and CD12 than at any previous examination, and higher than
the previous average in CD13 excepting the initial. Initial, previous aver-
age, and material at 36 months, respectively were 2.45, 3.12 and 3.72$ for
CDli, .66, .54 and .74% for CD12, and 1.08, .86 and .91 for CD13. For the
three items, the 36-months material amounted to approximately 21, 4, and 5
ounces per can in addition to the net product weights given above. The slight
increases over previous averages probably resulted from extra handling of the
candies in transferring to the new storage facilities. Otherwise there has
been no apparent time effect; the initial samples also came from cans which
had been handled some,;hat rougher, in shipping.

There was no consistent. association of amounts of loose material with
storage conditions in any ittm, as can variations were quite large. Ranges
and general averages were 1.09 - 7.55, average 3.24% for CDll; .24 - .96,
average .58% for CD12; and .3? - 1.46, average .86% for CD13.

3. Appearance and Color (Table 19)

Sensory scores for appearance and c.ci of the carbohydrate supplements
stored for 36 months were obtained from the iive judges of the product quality

panel in exactly the manner described for the cereal rations. The two types
of candy were sccred together, with comments on each type as the judges desired.
Scores given in Table 19 are the means of the separate ratings, which averaged
V09 lower for color than appearance of CDll and 12 oat .13 higher for color of

CD13, which was scored .25 higher than initial at the two lower temperatures.
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Compa-r.. ons of the appearance-color scores with initials, which aver-

aged 8.36, 8.24 and 8.20 for the three items, and with previous low scores
were as follows:

Amperature reduction from initial scores increase from previous low scores
OF CD1I CD12 CD13 CD?.l CD12 CD13

10( 1.58 .84 1.52 .67 .20 -. 32. .88 .76 .52 .10 .25 .02
4O and 0 .83 1.01 .00 .00 --.20 .27

e scores shown for CD.l at COF, CD12 at 400 andO0 , and CD13 at 1000
and tv-/80% are the lowest received during the three years of storage (the
70'/57% score for CD13 was up enough to average +.02 at 70*). Previous lows
for CD1I were at 18 months, those for CD12 at 6-18 months, those for CD13 at
12-24 months. Scores were reduced primaril•y for slight ',.ugaring" and darken-
ing ab 100 0F, and for "dullness," of surface et lower temperatures. There has
been very little fading of color in this product.

4. Hunter Color Values (Tables 20 and 21)

The color of individual pieces of carbohydrate supplement CDll is quite
variable, and CD13 and CD12 are also somewhat variable, in the order listed.
Thus, color was determined on duplicate composite samples prepared by chop-
ping and screening about a pint of candy per sample, using different sieve
sizes for various determinations. The initial, 6 and 12 months samples were
sized to 14-20 muth for jolor readings, but it was necessary to use 8-14
mesh samples at 18 and 24 months because, after remodeling tne air conditioning
equipment of the work room, the 14-20 mesh samples were too "dusty". At 36
months the 8-14 mesh samples were in turn found too dusty when prepared in
the work room of the new building, requiring a shift to 4-8 mesh samples
cracked by hand to prevent dust.

Each shift in particle size of the samples resulted in a shift of
scale position for the Hunter Color readings, making it necessary to
evaluate the readings as color differences rather than as finite values.
This was done by subtracting the lowest of the six storage means in each
group from each mean in the group, thus setting the low mean at zero and
converting the others to differences. These were then compared both as
differences and by rank order, ,ith the zero difference as rank 1, the
largest difference as rank 6 (or rank 4 in instances where only the four
temperatures were compared after averaging the 1000 and 70*F readings).

Hunter L Values. A comparison of bcth differences and rank orders for
the five storage periods failed to reveal anry indication of a general time
effect such as was obser-zed in the progressive increases of L values for the
cereal items at the higher temperatures. Averages and mean rank orders of
temperature differences for the five periods were:
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temperature lemon type supplement cherry t -pe supplement
OF CDl_. CD12 fl eCD12 C Mean

mean differences: !
m00 if .22 e 1.66 .94 1.27 2.67 .50 1.65 1.61

70 1.49 .91 .36 .92 1.52 .26 1.17 .98
40 1.17 .45 .67 .76 1.60 .13 1.37 1.03 :
0 1.67 .73 .31 .90 1.50 .57 1.45 1.17

mean rank order (1-4):

100 2.2 3.0 2.8 2.67 3.0 3.0 2.8 2.93
70 2.8 2.6 2.0 2.47 1.8 2.4 2.4 2.20
40 2.4 2.0 3.0 2.47 2.4 1.6 2.4 2.13
0 2.4 2.4 2.0 2.27 2.8 3.0 2.4 2.73

As seen, differences were larger and mean rank orders more widely
separated in the cherry candy, but periodic temperature fluctuations were
quite large; nothing was significant for L values of cherry except -he
smaller differences of CD12 as compared to CDU1 and 13. For lemon candy,
CDl3 had significantly smaller differences, and CD12 was also smaller than
CDll. The increase in mean L value at 100*F was significant when compared
to that at 40*. The greatest difference was, of course, in CDl2; this
candy and the cherry type of CD11 exhibited a considerable amount of rari-
able fading at 100'F, although not seen too clearly at 36 months.

Analysis of the lemon results also revealed a time effect in CDUl,
this being that the temperature differences became steadily greater during
the second and third years, although this was not related to any one
temperature. Comments by the sccre panels indicated a noticeable darkening
of color in some samples, again variable as to storage location, and dull
surfaces in others. These probably contributed to the increased variability
in CD11, and may have accounted for some of the general drop in L values in
conjunction with the drops encountered in changing sample particle sizes.

Hunter "a" Values. Changes in "all values, which indicated the amount
of green in CD11 and 13 lemon, faint pink in CD12 lemon, and red in all
cherry candy, were even more wAriable than those of the L values. Increases
of particle size of lemon candy to eliminate dusting of surfeces resulted
in decreases in green in CDll and slightly in CD13 and increases in pink of
CD12; CDll shifted finally to an almost exact green-pink balance at 36 months.
In the cherry candy, red colors varied but exhibited little actual shift
through 24 months; the switch to 4-8 mesh particle size at 36 months coin-
cided with decreases in red with relatively little change in yellow component,
which was low enough in CDll and 13 to give the candy a somewhat purple
appearance.
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The five-period summary of differences from periodic low values, with
mean rank orders of the differences ranked from 1 (lowest value, set at
zero) to 4 (largest difference above low at each period) was as follows:

temperature lemon type supplement cherry type supplement
OF ODU CD12 CD13 Mean ODi). CD12 CDl3 Mean

mean differences:

100 2.20 .51 .92 1.21 2.21 .46 1.86 1.51
70 1.68 1.55 .60 1.28 2.03 1.74 1.59 1.79
40 .78 1,90 .39 1.02 2.09 1.68 .29 1.35
0 1.58 1.90 .23 1.24 2.31 1.48 2.09 1.96

mean rank order (1-4):

100 3.0 2.0 2.9 2.63 2.6 1.4 3.2 2.40
70 2.6 2.4 3.0 2.67 2.8 2.8 2.4 2.67
40 1.8 2.8 2.5 2.37 2.4 2.8 1.5 2.23
0 2.6 2.8 1.6 2.33 2.2 3.0 2.9 2.70

It is obvious from these values that there were no general trends in
"a" values for either type of candy, but some definite, and significant
trends appear in individual items. in the J emon candy, the 40F samples
of CD1l were greener than those at other temperatiures, with some tendency
for less green in 1000 storage than in any of the other conditions. CD12
was definitely less pink at 100'. Differences were smaller in CD13, but
there was a suggestion of greener samples at the two 1lihir temperatures.

In the cherry type, CD11 exhibited a time effect, with smaller readings
at 100'F (probably fading) during the first year but at 00 during the latter
part of the second and the third years. This shift apparently resulted
from a combination of darkening at higher temperatures and purpling at 00
during the last half of the storage period, as both were noted by the score
panels at 24 and 36 months. It is seen by reference to Table 21 that both
CDU1 and CD13 were more purple than red (pure purple, an "imaginary" color,
gives zero readings for "a" and "b" or other measurements derived from
wavelength). CD13 had lower readings for "a" at 400 F except at 36 morths.
CD12 was more red than purple, with a tendency toward slight fading and
later slight purpling at 1000.

Hunter "b" Values. Value.s for yellow component of lemon candies did
not vary mnich with the shift of particle size frcm 14-20 mesh to 8-14 mesh,
but averaged 8.8 t .8 points lower with the shift to 4-8 mesh cracked
samples at 36 months. Some of the decrease may have resulted from the dul-
ling and slight "darkening" noted by the score panels for the last period.
Yellow component of cherry candies changed very little at any pfiod- axcpt
a 1.8 t .6:increase-for all three =i~ndles at ,24 months an da:2 0+ -A t .n h-3
increase for CD12 at 36 months. The slight increases at 24 months
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were probably sample preparation variations, as all three Hunter readingsincreased about the same amount; the 36 -months increase in CD12 was ap-parently associated with the change in particle size of the samples.
The summary of differences and rank order for storage conditions,similar to those given above for Hunter L and "aa" values, is as follows:

temperature lemon type supplement cherry type suprlementOF CD_ CD12 CD13 Mean CD_ l CD12 CD13 Mean

mean differences:

100 1.59 1.00 .83 1.14 .53 .05 .42 .33
70 2.56 .35 1.19 1.37 .70 .46 .89 .684ý0 .83 .31 .16 .43 .16 .72 .74 .54
0 1.49 .67 .88 1.01 .30 .76 .40 .49

mean rank order (1-4):

100 2.4 3.5 2.6 2.83 2.6 1.4 2.3 2.1070 3.2 2.2 3.2 2.87 3.6 2.8 3.4 3.2740 2.0 2.1 1.6 1.90 1-6 2.8 2.4 2.27
0 2.4 2.2 2.6 2.40 2.2 3.0 1.9 2.37
For lemon candy, yellow readings tended to be lower "or all items at40'F; for cherry, 400 samples were lower for CDl1, 1000 samples for CD12,while CD13 was variable. Differences were generally smaller for the cherrytype, which had generally low "b" or yellow-component values. Rank ordermeans indicate that the larger readings at 70'F for both types of CD11and 13, and at 1000 for CD12 lemon, were fairly consistent trends whichwould apparently suggest little tendency for darkening, while the reducedvalues for CD12 cherry at 1000 corresponded to the observed trend towardpurpling. There was little indication of a time effect except some in.-crease in size of differences at 24 and 36 months.

Hunter a/b ratios. Higher a/b ratios corresponded to shifts towardyellow in CDE1 and 13 lemon (i.e., less green or more yellow or both)but toward pink in CD12 lemon (more red or less yellow or both). In thecherry candy the higher ratios resulted from more red or less yellow, orboth, which could mean lack of fading, lack of purpling, or darkening.
In general, the higher temperature samples of CDll and 13 lemontended to fade or dull slightly, bu• since the fading was of green, therebymoving toward gray, the score panels usually commented "dull" or "darker"for samples which increased much in ratio (increase meant decrease innegative ratio). The 40'F samples of CDE1 lemon and 400 and 0' samplesof CD13 lemon changed less than those at other conditions. There was also
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some tendency for lading of pink (lower positive ratio) in the 100OF

samples of CD12 lemon, with relatively little difference in comparative
hue at lower temperatures.

Shifts of ratios in the cherry candy were mathematically larger than
those in the lemon type, but exhibited no consistent trend for temperature
differences except in the lower (slightly more purple) CDl3 samples from
40F storage. There were no apparent time effects in either type except
those discussed in connection with "all or "b" trends in the preceding sections.

5. Moisture Content (Table 19)

The 65-can averages for moisture were:

CD11 CD12 CD13

lemon 1.66 1.48 1.76
cherry 1.64 j. 1.60
mean 1.65 1.48 1.68

Maximum differences between the two types were .26% for CDll, .09%
for CD12, and .60% for CD13, with cans about evenly divided between the
two types in CD11 and 12, but higher for lemon in 70% of the cans examined
in CD13 through 24 months. As noted above, clumping was highly correlated
with moisture between the two types in CDW31, not in the other two items.

There was no trend for differences among storage conditions except
. slight reduction in 1001F samples of CD12, which averaged 1.41% compared
to 1.53% for lower temperatures (100' samples were lower in 8,% of com-
parisons with other conditions). A ti°ie difference was noted as follows:

CD11 CD12 CD13

Initial, 18, 24 m,.nths 1.39 t .24 1.34 .07 1.51 1 .13
6, 12, 36 months 1.86 ± .06 1.59 ± .06 1.82 ± .05

This seems almost certainly due to some difference in technique, which
was listed as the procedure used for cereal items with the exception of using
20-mesh pass samples. The early preparation room was used for initial, 6 and
12 months, the second room for 18 and 24 months, the new room at 36 months,
which does not coincide with the moisture shifts. Since there were no
known variations in weighing and drying techniques, the shifts may have
resulted from local variations in humidity of the work rooms, however, as
uniform control at 50 ± 2% r.h. can be guaranteed only at the position oc-
cupied by the controller-recorder mechanism.

64



6. pH Values (Table 19)

pH values were determined with the customary glass-electrode pH
electrometer, using 1 + 1 solutions of candy prepared with demineralized
water. Initials for CDll, 12, 13 were o.55, 6.70, 6.75, respectively, with
an average ± variation of .10 between lemon and cherry types of candy. With
considerable can and sample variation, mean valucs were above initial at 6
ana 12 months, near initial at 18 months, with slight decreases at 24 and 36months for CD12 and 13 but a further drop for CDll. Means by periods for
the three items were 6.84, 6.97 and 7.01 at 6 and 1.2 months, 6.59, 6.68
and 6.81 at 18 months, and 6.23, 6.60, and 6.66 at 24 and 36 months.

With the exception that CD12 averaged .15 t .11 lower at 100OF than
at lower temperatures (95% of the cans were lower), there werainol:consistant
temperature effects, so the reason for the period variations vias noL sug-
gested. There seems little doubt, however, that the samples of CD11 were
at least .25 below "normal" at two and three years, as they were only .15
below CD12 and 13 at initial through 18 months and .40 below at 24 and
36 months.

Despite variations ranging as high as .45 between lemon and cherry candy
in certain cans, the general averages for the two types were within .02 t
.02 for CDU and 13. The cherry candy of CDI2, however, averaged .11 lower
than the lemon, the cherry being higher than lemon, by .07 t .04, in only
11 of the 65 cans examined.
7. Sugar Contents (Table 22)

Sugars were determined by the official Lane-Eynon general volumetric
procedure, with acid inversion at 73*F (Association of Official Agricultural
Chemists, Washington, D. C.). Reducing sugar titrations were corrected for
sucrose effect as directed by Fitelson (J. Assoc. Off. Agr. Chem., 1932,
p. 624). All results were c&lculated on a dry weight basis.

Reducing Sugars as Dextrose. Initial values for the three carbohydrate
supplements and average values for the 60 cans examined from storage were:

C______C____12_c_____
CDU CD12 C]

Initial:
lemon 19.23 16.27 17.34
cherry 16.27 iZ.L,9
average 19.?9 16.27 17.41

Storage:
lemon 18.0?. 16.07 17.53
cherry ! 16.09 18.20
average 17.98 16.09 17.86
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Storage samples of CD11 rangei from 16.5% to 20.3% dextrose, but the
60-can average was 1.4% below that of the cans examined initially. Ranges
were 15.7 - 16.6% for CD12 and 16.8 - 19.0% for CD13, so differences between
initial and storage averages are well within limits of item and can variances.

There were periodic fluctuations, but no significant trend for change
of dextrose content with storage time. As compared with the 17.31% average
for all examinations from storage for the three items, period averages for
6, 12, 18, 24 and 36 months were 17.29%, 17.05%, 17.36%, 17.62%, and 17.21%,
respectively. Temperature differences were also apparently without pattern.
The six condition means of CD12 ranged 16.02 - 16.18%, averaging 16.C5% at
100IF, 16.09% at 40° and 0*, and 16.12% at 70°. Items CDll and CD13 had
greater spread, averaging 18.30 + .14% and 17.63 ± .11% at the two 100*F
conditions, 17.69 ± .11% and 18.15 ± .09% at the 700 conditions, 17.99 ±
.03% at 400, and 17.77 ± .13% at 00.

There was one type difference which was relatively consistent, between
lemon and cherry candy of CD13. Of the 64 cans examined, including initials,
15 cans averaged .36% higher dextrose in the lemon type, 49 cans averaged
.94% higher in the cherry. The mean differences for all storage samples
were .31% at 1000F, .81% at 70°, 1.05% at 40', and .65% at 00; no reason was
suggested for the lower difference at 1000.

Sucrose. Mean values for various periods were:

CD1 0CD12 CD13

initial 62.81 65.13 62.96
6-18 months 63.46 65.10 62.71
24 months 61.33 65.86 62.69
36 months 62.86 64.30 60.93
6-36 months 62.91 61-,09 62.35

Total ranges were 56.7 - 64.8% for CD01, 63.9 - 66.9% for CD12, 59.6 -

64.6% for CD13. As with dextrose, CD12 was relatively uniform in temperature
means, 64.92 ± .18 at 100OF conditions, 65.26 ± .06% for the two 70* rooms,
65.08 1 .06% for the lower temperatures. CD.) and CD13 averaged 62.57 t .09
at 1000F/80% r.h., 63.80 and 62.98% at 100-/57%, 63.64 and 62.28% at 700/80%,
62.05 t .19% at 700/57%, 62.12 ± .08% at 400/57%, and 63.14 and 62.28% at 00.
Thus, sucrose differences were more variable than those for dextrose, but lower
sucrose values were usually matched with higher dextrose in CDll and 13.

Types averaged 62.91% for both lemon and cherry in CD11, 61.07 and
61.11% in CD12, but cherry type was lower in about 85% of the cans of
CD13, general averages being 62.96% sucrose for lemon and 61.74% for
cherry. Temperature differences were also found for types in CDl3, roughly
in inverse proportion to those noted for dextrose.

67



Total Sugars. As samples with higher dextrose usually had lower sucrose
and vice versa in CDll and CD13 (CD12 had an Indistinct pattern, but smaler
ranges), the variations in total sugars were somewhat less than those in
sucrose. Initial and storage values were:

Initial periodic mean range total-smple ran geneal mean

CD11 82.20 79.9 - 82.0 76.9 - 83.3 80.89
CD12 81.4u 80.1 - 82.2 79.8 - 83.5 81.17
CD13 80.37 79.0 - 81.0 78.0 - 82.8 S0.21

Temperature differences were also somewhat less than for sucrose in
CD11 and CD013, slightly greater in CD12, as seen from the general storage
means:

lOOO/8% i00 700/80% 70o/5j 40o/ 0o/ ient

CD11 80.92 81.54 81.22 80.48 80.16 81.04
CD12 80.76 81.18 81.50 81.26 81.12 81.22
CD13 80.82 80.50 80.08 79.92 80.06 79.92

Thus, there still seems to be no apparent pattern for changes of sugars
in storage of the supplements, nor is there any consistent net change
when considered in comparison with ranges of variation.

Dextrose/Sucrose. This ratio was included in the sugar data for the
purpose of indexing changes in the two types of sugars, if changes occurred.
The ratios have followed the variations discussed above, ranging .258 -
.356, mean .286 for CDII; .242 - .25], mean .247 for CD12; .266 - .309,
mean .287 for CD13. Further comment on the relationship of the ratios to
dextrose and sucrose values is given below.

General Discussion. With the obvious physical changes in color
as wel) as in surface crystal state which have been observed in many samples
of the candies particularly at 1001F, some involvement of chemical G.h es
in the sugars might reasonably be expected. The results indicate t:
if any inversion has occurred, the amownts of sucrose which have bon
hydrolyzed have been small and within the limits 3f item variance.

Several checks were made for invert s-gar by gas chromatography, wi '-.
no indication of activity in the invert area. In candy of the supplemant
type, however, with very low moisture, a low-rate inversion might yield
anhydrides instead of invert sugar, and the levulinic fractions undergo
further reactions toward eventual polymerization. Some of the color, or
appearance, and flavor changes were not incompatible with the effects of
such reactions. Also, slight but varying amounts of hydrolysis probably
took place during the cooking of the candy.
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On the other hand, all of the variations could have originated in
fPrmulation, or some as a result of possible errors in analytical procedure,
since fd:,: difetentuteinlmiciws ,worked ,on tho analyses. :,--I the. latter. case.
howeTer, it would not seem likely that most of the technical variance
would nccur in CD11 and the ]1ast in CD12, as all of the candies within
any period were anly;d by the same technician or technicians using a
sir.gle lot of re8gents.

In an attempt to gain further insight into relationships among the
sugars with reference to item characteristics or possible storage effects,
data for the 30 storage samples were compared by simple rank order cor-
relations among the sugar values, pH, and moisture contents. The followingrelationships, or lack of apparent relationships were calculated:

Correlation CD11 CD12 CD13
6rank order) samples r samples r samples r

Dextrose with:
sucrose 22 -. 927 NS - 20 -. 827
total sugar NS - 22 +.890 NS
dextrose/sucrose 30 +.984 20 +. 9;ý4 30 +.932
moisture 21 -. 936 NS - NS -

Sucrose with:
total sugar 20 +.900 30 +.971 28 +.936
dextrose/sucrose 23 -.948 NS - 24 -. 915
pH 20 +-.895 NS - NS -

Dex./Suc. with moisture 21 -. 921 NS NS

Correlations which were non-significant for all items (i.e., which
yielded r values less than .500 using all 28 degrees of freedom) were
dextrose with pH, sucrose with moisture content, total sugars with dex./
suc., pH, and moisture, and dex./suc. with pH. Samples omitted from the
correlations (2 to 10 out of 30, as shown) were those which, although
yielding significant results when included in the total 30, did not yield
correlations as large as .500 when calculated alone. This was done in
order to demonstrate the relatively high degree of association (68% to 90%
of the variince) among the remaining numbers of samples out of each group
of 30 storage examinations.

The negative correlations of dextrose with sucrose in CDU. and CD13
(but not in the less variable CD12) and with moisture in CD11, and the
positive correlation of sucrose and pH in CD11, are relationships which
might be expected with hydrolysis or hydrolytic polymerization reactions
in low-moisture candies. The correlations of dextrose and sucrose with
dextrose/sucrose ratios are obvious, as high ratios result from high
dextrose and/or low sucrose, and vice versa. The relation of the ratios
to moisture was apparently corollary to the influence of dextrose (negative
with moisture) on tne ratios.
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Correlations of sucrose with total sugar were expected, as the samples
contain 3.5 to 4 times as much sucrose as dextrose. These would probably
be present with or without hydrolysis, but certainly do not rule it out.
On the other hand, the fact that both dextrose and sucrose were positively
related to total sugars in CD12 suggests little or no hydrolytic influence
in this item.

Thus, while no experimental evidence of hydrolytic reactions of sugars
was obtained, the relationships existing among the various analytical results
were in accord with the possibility of such reactions either in manufacture
or at low levels within the ravages of sample variance in items CD01 and CD13.
On the other hand, relationships existing in CD12 suggest normal sample
variance only, with considerable less range in carbohydrate composition. It
should be noted that neither storage periods nor storage temperatures ex-
hibited any pattern in co~mecticn with the correlati-ns in any of the items.

8. Sensory Scores for Texture, Aroma and Flavor (Tables 23 and 24)

Scores were assigned by the 5-member sensory quality panel. scoring
identified samples as described above. Initial scores for the carbohydrate
supplements were:

CODl C0._)2 CD1

texture 8.24 8.56 8.20
aroma 7.36 7.60 7.80
flavor 7.92 7.32 7.85

Comparisons of the scores shown in Tables 23 and 24 wit;h the initials
and with previous low scores were as follows:

temperature reduction from initial scoresa increase from previous Ict; scoresb
OF CD11 CDI2 CD13 CD11 CD12 CD13

Texture:
100 1.09 1.21 1.25 .25 .35 -. 55
70 .44 .86 .45 .50 .30 .15
40 .44 1.06 .30 .10 .20 .70

0 1.14 .66 .20 -. 30 .60 .60
Aroma:

100 1.16 1.05 1.85 -. 15 -. 20 -. 75
70 .66 .40 .95 -. 25 .40 -. 15
40 .26 .70 .50 -. 20 -. 4C -. i0
0 -. 54 -. 10 -. 40 .70 .60 .90

Flavor:
100 2.17 .67 1.45 -. 85 .05 -. 60

70 .82 .12 .45 .00 .15 -. 1540 1.12 .52 .05 -. 60 -. 60 .50
0 1.42 -. 08 -. 25 -1.00 .10 .50

aNegative reductions indicate 36-months scores higher than initial.

lNegative increases indicate lowest scores of the 3-year storage period.
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It is seen that only two samplee, CD11 at COF and CD13 at 1000, were
scored lower on textura than at some previous examination. Texture scores
varied with individual samples, being based mostly on "brittle hardness"
vs "tough hardness". Most of the 100*F samples were somewhat tougher, or.
perhaps a bit harder in some instances, but the 0' sample of CDll and 40°
sample of CD12 werv scored about a3 law as the 1000 candy.

All O°F samples were scored higher than initial ratings on aroma. This
probably resulted from comparisons with samples from the higher temperatures.,
all of which except CD12 at 70°F were scored lower than on any previous
examination. Off odors, "terpene", were given as the cause of low scores
at 1000, and general "flatness" or lack of typical aroma were noted at 700
and 400, with some traces of off odors in the 700 samples.

Flavor scores, which averaged lower than aroma for CD11 and higher
for CD23, were marked down for about the same reasons as those givni for
low aroma scores. CD12 and CD13 from O°F were also higher than initial,
but CD1l from this temperature was described as "very flat, slightly off".
As seen, several of the samples above 0* were scored lower than previously,
though none were seriously affected with anything except lack of flavor.

9. Hedonic Ratings for Aroma, Flavor and Palatability (Table 24)

The hedonic ratings were obtained in exactly the manner described
above for cereal item ratings, several pieces of each type of candy,
lemon and cherry, bein& presented as each coded sample. Initial ratings
for the three items were:

CD11 0D12 C

aroma 6.88 6.76 7.04
flavor 7.76 7.24 7.76
palatability 7.48 7.40 7.76

The ratings given in Table 24 were reduced from initial, and differed
from previous low ratings, as follows:

CDU CD12 CD13
36 months from 36 months from 36 months from

temperature initial previous low initial previous low initial previous A ow
OF decrease change decrease change decrease change

Aroma:
100 .92 .19 .56 -. 29 .70 -. 25
70 .65 -. 08 .31 -. 25 .42 -. 04
40 .42 .00 .10 -.14 .18 .08

0 .24 .40 -. 20 .34 .42 -. 20
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CDl1 CD12 CD13
36 months from 36 months from 36 months from

temperature initial previous low initial previous low initial pre2ou, low
OF decrease change decrease chaxge decrease change

Flavor:
100 1.32 .29 .82 -. 18 1.09 -.10

70 .98 .07 .69 -. 31 .85 .13
40 1.12 -. 10 .42 -. 18 .86 .06
0 1.06 .02 .32 .20 .76 .22

Palatability:
100 1.06 .21 .94 -. 15 1.00 .02

70 .75 .08 .84 -. 31 .69 .32
40 .64 -. 02 .60 -. 12 .72 .26
0 .66 .26 .68 -. 06 .66 .36

The aroma rating., though reduced less from initial ratings than were
those for flavor and palatability, nevertheless averaged about .30 less, as
they were lower at the start; i.e., the initial difference of .67 ± .13 in
aroma ratirgs was reduced to .28 t .13 at 36 cr~iths. With ratings ranging
5.78 - 6.96 for aroma, 6.26 - 7.00 for flavor, and 6.34 - 7.10 for palat-
ability, and 1001F mean ratings 6.16, 6.51 and 6.55, respectively, none of
the candies were even close to the 4.00 rating usually considered as border-
line for acceptability.

In general, CD11 averaged above previous lows at 100' and O°F, while
CD12 was somewhat lower than previously at all conditions except 0Q; the
net result was that the two items had almost the same total rating. C3.3,
gaining very slightly over previous lows except at Il0 0 , averaged about
.25 higher than the others, whereas it was about .15 and .40 higher ror
general averages on initial examination. Thus, the general relationship
among the three items has .not varied by more than about .25, with maximum
differences ranging around .50, as a result of three years of storage.
Flavor decreases were fairly serious at 100F, but it is possible that
the ultimate termination of storage life at this elevated temperature
may result from changes in appearance and color.

10. Correlations of Palatability Ratings and Other Measurements (Table 25)

The correlatione shown in Taeble 25 are fatrly typical of the pattern,
or lack of pattern, at every storage periAd. There has been no objective
measurement with which palatability has been cczxs~istently cocar ted;
aroma and flavor, on which the ratiig4 are przmari• y based, a& the only
characteristics which have e.bitted a gmduated tixperature effect. Color
changes have usual&y taken place only at I!O*F- other characteristics have
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demonstrated practically no temperature dependence. Even the correlatlon
between the sensory quality and hedonic rating taste panels, which has
become progressively higher with the cereal items, has varied with the
carbohydrate supplement. The probable reason is that the smaller panel
has given more attention to sample variations irý an attempt to evaluate

quality than has the hedonic panel in merely eating candy, In this
comparison the hedonistic approach has apparently been the better one,
at least during the first three years. The more or less gradual loss of
aroma and flavor, and development of slight to moderate off flavor at
100IF, have been about the only easily evaluated changes in the pr'oduct,
and the hedonic judges have exhibited very little concern with the more
variable and less predictable differences in color and texture.

The more definite correlations among sugars, pH and moisture with
item CD11 are seen in Table 25, although the inclusion of CD13 in the pat-
tern at 36 months was not as frequent as it was when all storage periods
were evaluated. There appears to be a higher degree of association in the
cherry type of CD13, whereas the lemon type has more significant comparisons
in CDll. As with the total period, CD12 did not follow the pattern of the
other two items at 36 months.

It is possible that more consistent relationships between palatability
and other measurements may develop with further storage of the supplements,
but there is apparently no "central" pattern to link the various measure-
ment areas, objective and subjective, such az that provided by the oxidative
nature of most of the significant changes in the cereal rations.

As storage of rations from original procurements for the project is
being continued under subcontract with another agency (see Foreword), only
tentative conclusions are possible at the current four-year period of the
study. Certain changes in the stability of ration components at higher
temperature or humidity conditions, however, were relatively well defined.

The V3c fiberboard of the cases is apparently unstable at 100lF.
Average decreases in bursting strength at 100O/80% ranged from 10% in 6

.th.s to 3 .Un 4 years; decreases at -00/* av:eraged 3-5%_ ls. There
was also an 11% decrease at 700/80% but no change at 700/57%, and a 9%
increase at 400/57% but only 6% increase at 0O/(high) ambient, so apparently
both temperature and humidity affected the bursting strength of the fiber-
board. Otherwise, cases remained in satisfactory condition.

As a whole, can coatings provided inadequate protection for prolonged
storage at 1000/80% and 700/80% conditions. Unsightly and potentially
dangerous amounts of rust developed in areas where coatings had been burned
or rubbed off in soldering or seaming or scraped off in handling. Leaking
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cans, ranging 10-80% among 7 of the 13 items, were attributed almost
entirely to faulty seaming, possibly associated with light-weight metal
and "odd,, s3zes and shapes.

Packaging materials were too light and brittle in most cracker and
biscuit items (and completely absent in carbohydrate supplements). Com-
siderable smounts of internal surface corrosion where products touched
can walls, and of package and product breakage among crackers and biscuits,
were apparently caused by loose packing, inadequate or no stuffing material,
and the inability of frail wrappers to withstand sharp corners of products
with handling of the cans.

Oxidative reactions at 100OF and to some extent at 700 were major
factors in limiting the stability of cereal rations. Hydrolysis of less
stable fats at 100* also contributed to adverse changes in flavor of 2
cracker items, 2 biscuits, and the 2 wafers. Darkening and dulling of
color, variable changes in 3rystal structure, and development of off flavors
at 1000 were the only significant changes in carbohydrate supplement. Maximum
storage life of 4 to 5 years at 1000 can be variously estimated, wafers ap-
parently tending to remain acceptable somewhat longer than the other three
types of rations, but three years at 1000 would probably be nearer an optimal
replacement schedule. Maximal and optimal periods at 700 F may prove to be
about double those at l00*. Results to date offer little indication of
stability limits for rations stored at 400 and OF.
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SUMMARY

Fallout shelter rations from ten procurement lots were stored 4 years,
and three lots of carbohydrate supplement were stored 3 years, at six con-trolled temperature and relative humidity conditions. The ten cerea! rations.,

consisted of four lots of survival crackers,, four of survival hischits, and
two of bulgur wheat wafers. Carbohydrate supplements were standard hard ,
candy mixture of lemon and cherry flavors. Storage conditions were 100°F/80%
r.h., 100°/57%, 700/80%, 700/57%, 400/57%, and O°/ambient r.h.

MII

Results of examinations of cereal items at l8 months and carbohydrate
supplements at 36 months are given in detail. These include general condi-s,
tion and various stability characteristics of V3c fiberboard cases, 2-1a2-
galton and 5-gallon metal cans, ration psckaging materials and candy bagsr,
and of the individual cereal and supplement rations. Brief comparisons wlthO /
results of previous examinations at 6, 12, 18, 2l and 36 months are alsohr

included.m

I. Fiberboard Cases.

g . Bursting strength of fiberboard stored at erOiF was reduced by
averages of 90 psig at three years and s e5 psig at •n Bears. All cases

were below 400 psig at 4 years, 20% being under 300. There were slight
and varying reductions at 70°F, slight increases at lower temperatures.

2. Moisture content of fiberboard at 80% r.h. conditions averaged
11.8%, that at 57% r.h. was 8.4 t 0.7%, with 14.4% from O°.F/ambient r.h.

3. General condition of cases was satisfactory for continued storage.
There was no can collapse, and although some moderate staining was observed
at 10% r.h., there was essential3y little mold.

4. Case markings remained easily legible, with no sighificant fading or

blurring.

II. Metal Cans.

1. Residual oaygen in non-leaking cereal ration cans averag;ed 5.8%
at 1000F, 10.0% at 700, 12.9% at WO, and 16.7% at 00, with ranges of
about 4% around averages at the two higher temperatures.

2. All cans of one item (2-1./2-gallon) were leakers at 48 months, and
leakers over 3 and 4 years ranged 28% to 11% of the cans in six items.
Leakers in the other six items averaged 2.5% of all cans examined.

3. Corrosion in the form of rust was fairly extensive (5%-10% of
external surface) on cans from 80% r.h. conditions, moderate from lower
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humidities and temperatures. Internal surface darkening was relativeCLy
slight, and no can leaks have been caused by any type of corrosion.

4. There was no softening or flaking of external coat~ngs of cans,
although moderate amounts of loosening around corroded areas were observed
on cans from higher humidities.

MI . The Rations.

A. Cereal Items

1. Seal breaks were few (.6%) in waxed paper and cellopae
packages, and ranged .0 - 11.8, with a mean 4.2% in waxed glassine. Tomr
packaging material averaged slightly higher than seal breaks in waxed
paper and cellpphane, and slightly less than seal breaks in the glassine
packages.

2. Broken score lines ranged 3.3 - 48.5, with a mean 16.2% in
crackers and 0.5 - 23.0, mean 6.5% in biscuits. Wafers averaged 26.3% and
47.3% crumbled edges. Moderate unit breakage ranged 6.4 - 29.3, mean 13.7%
for crackers, 0.3 - 22.7, mean 6.7% for biscuits, 0.0 - 0.2, mean 0.09% for
wafers. Severe breakage or crushing of units was negligible in all rations
except two cracker items which ranged 0.2 - 10.1, mean 2.6% as a result of
can damage.

3. Appearance and color by sensory evaluation were not seriously
affected by storage, although there were slight amounts of surface glazirl
in all items and of fading of color in .00*F storage. There was little
evidence of darkening or browning in any ration item.

4. Hznter Color values, typically increased in L and decreased
in "a" at ,dUgher temperatures, were highly correlated with observed changes
in appearance and color.

5. Fracture strength by items ranged 2109 - 1529 grams for cracker
units; 1072 - 2286 grams for biscuits; and 1462 - 2306 grams for wafers.
Values were relatively well related to baking, whether tender, brittle or
tough, but not to product breakage except in the toughest biscuit.

6. Moisture content varied to some extent with baking in a•ckers
and biscuits, which ranged 1.6 - 3.0, mean 2.3%. Wafers were high
moisture, ranging 3.1 - 3.7, mcan 3.4%.

7. Peroxide values, ranging 6.0 - 1.3, mean 3.5 m.eq. at 100OF
to 3.7 - 0.9, mean 1.8% at OF, indicated second stages of slow oxiUation.
The primary cycle, with peak values around 12 months was appariztly completed
with the io values observed around the end of the second year. Free fatty
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acids, ranging from 0.16 - 1.04% at 100I F to 0.04 - 0.60% at OF, variedj
with items, storage temperatures, and slightly with storage time.

8. Sensory scores for texture (10-point scale) ranged 7.0 t .6
at O1F to 5.9 t .6 at 1000 F, various items being described as tbugher;
harder or more brittle at higher temperatures. Aroma and flavor quality
scores averaged 3.2 range 3.4 at 100'F, 5.4 range 2.6 at 700, and 6.6 range
1.8 at 400 and 00. Reductions were attributed to staleness at 70OF and
rancidity at 1000F.

9. Mean hedonic ratings were 5.00 for aroma and flavor, 5.21
for palatability. The three ratings averaged 4.23 range 1.94 at 100*F,
5.29 range 1.18 at 700, 5.62 range 0.92 at 40*, and 5.78 range 1.14 at 00.

10. Correlations of palatability rating with measurements associ-
ated with oxygen or oxidation and with color were relatively high. Hedonic
ratings by 25 judges and sensory quality scores by 5 Judges were highly cor-
related at 36 and 48 months.

B. Carbohydrate Supplements

1. Candy bags exhibited little evidence of storage effect except
increase from 2.5 - 5.7% in partial separation and 4.5 - 17.8% in complete
separation of seams of one item on seam tests.

2. Physical state of the supplement remained practically unchanged,
averaging 8.9 t 4.3% chipping, 0.8 ± 0.8% additional breakage, 0.5 ± 0.5%
climping, and 1.8 t 1.4% loose sanding sugar in the cans.

3. Appearance and color were good except at 1000 F, where moderate
darkening of lemon pieces, slight fading of cherry, and variable "sugaring"
of both types reduced quality scores to 6.3 - 7.1 from the 7.2 - 8.2 range
at lower temperatures.

4. Hunter Color values for supplements rc..realed moderate but
multi-directional temperature effects on mean difference and rank order
analyses, but generally failed to describe the candies as well as did the
taste panel judges.

5. Moisture contents, with moderate can variations, averaged
1.48, 1.65 and 1.68% for the three supplement items. Lemon type (1.76%)
and cherry type (1.60%) were different in one item only.

6. pH values averaged 6.55, 6.76, and 6.83 for the three items
at all periods, being .34, .12, and .17 lower at 36 months. There was
little evidence of temperature effect on pH.
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7. Dextrose contents, means 15.8, 17.7 and 18.0%, vzd sucrose
contents, means 64.3, 62.9 and 60.9% exhibited no evidence of significant
changes with storage. Inverse correlations of dextrose with sucrose and
moisture and positive correlation of sucrose with pH were present in the
high-dextrose items.

8. Sensory quality scores for texture of the candies were
relatively meaningless, although certain samples were scored down for
extra brittleness at 200"F. Aroma scores were reduced by averagts of 1.35
at 1000, 0.67 at 700, 0.49 at 40F, and averaged C.35 above initial at O°F,
because of loss of typical aroma, and development of slight 11terpene" odors
at higher temperatures. Reductions of flavor scores for the same reasons
averaged 1.43 at 100 0F, 0.51 at 70* and 400, and 0.36 at 01.

9. Mean hedonic rating fox, aroma of the three supplements was
6.43, with 6.72 mean for flavor and palatability. Temperature variations
from these averaged -0.22 at 100*.., +0.03 at 700, +0.15 at 40%, and +0.21
at 00.

10. Correlations of palatability ratings with other measurements
were generally poor, and those between sensory quality and hedonic ratings
averaged only +.4S9. An overalU sequence of changes, such as the high
temperature-fading-oxdation-rancidity pattern in the cereal items, was
apparently not present in the carbohydrate supplements.

82



. . trw..-.
Unclassified

Security Classification

DOCUMENT CONTROL DATA - R&D
(Security clessificatlon of tile. body of abetrct and indexing annotation must be entered when the overall report is claesslied)

I OIG;INA TING ACTW Y (Corporate author) 2a RCPORT SECURITY C LASSIriCATION

University of Georgia Un-lassified

Georgia Experiment Station ° •s.iu ed
Exerimant, Georgia

S. REPORT TITLE

Storage Stability of Civil Defense Shelter Rations (Annual Report)

4 DESCRIPTIVE NOTES (Type of repotf and inclusive da res)

Fifth Annual Report, 21 June 1966 - 20 June 1967
5 AUTHOR(S) (Last none. first name, Iniltel)

S. R. Cecil and J. G. Woodroof

4. REPORT DATE 70 TOTAL NO OF PAGES [ 7b NO Or R:EPSDecember 1967 82__1 __
$,. CONTRACT OR GRANT NO. 90 ORIGINATOR'S RFPORT NUMBER(S)

DA19-129-QM-2050(N)
b KROJ9CT NO. 68-26-GPOCD-0S-62-156

C 9b OTHER REPORTr NO(S) (Any other numbers hat may be eesa*d
this report)

10 AVAL4I91LITY/LIMITATION NOTICES

This document has been approved for public release and sale; its distribution is
unlimi ed.

11. SUPPLEMENTArlY NOTES 12 SPONSORING MILITARY ACTIVITY

0' U. S. Armgy Natick Laboratories
Natick, Massachusetts

SResults are reported on th stability of te 4 lots of fallout sheiter cereal
rations stored for 4 years and/3 lots of narboh~ymrate supplement stored for 3
years at 100F!80% r.h., 100/57%, 701/80", 70*/57%, 4001/57%, and 0/ambient r.h.
Rations include 4 lots of survival crackera, 4 lots of survival biscuits, 2 lots
of bulgur wheat wafers, and 3 lots of rixed lemon and cherry flavored hard candies.
Data include 48-month Lnd 36-month valaes, respectively, for (1) bursting strength,
moisture content, and general conditions of V3c fiberboard cases; (2) residual
oxygen, leaking, corrosion, and coating defects of 2-1/2-gallon and 5-gallon
metal cans; (3) breakage and general condition of package seals, seams and
materials, and product units; (4) fracture strength, peroxides, and free fatty
acids of wheat products; (5) pH and sugar contents of carbohydrate supplements;
and (6) moisture content, color, sensory quality, and hedonic ratings for all
products. Results of all examinations of stored rations, initially and through
36 and 48 months, ar'e discussed. /

aR

D AD ,AN16.1473 Unclassified
Security Classification



Uncsasrt if i ed-

14,Ll". A Llmk 9 LINK C
KVY WORDS T- -

-- __ ___ ___ COE lE ROE w 4ftLIE WY

StoIar& iitabili-zy'
Cants 191
Fib*Tboat'd 19
Coiitaint'rs 19
Food co~stainftrs 19
Raitions 4 4
Sinvival 4 14
Civil Defense 4 4
Shelter-s 41 4
Atceptability 8
F'lavor 8,91
B~aker'y products *8,9~

Carbohydrate supplements 8, .. L
I INST WCTIONSJ

1.ORIGINATING A17nVlTY:. Entes ýbe amae and address 10 AVAILABILITY/UIM(TITION NO-1CES: Ester MnY Rib
of the cortractor, subc.'ntactor. grantee, Deapittmest of De- itatians on ftotihr dissemination of the repwx, oth9r than 'h0"a
fiemeo act~ivity ot othnr organization -oo trauthor) issuing lmiose bw security classificl~ooi, usilng struidord $itotemliAts

terevolt, Inh m
2a. R2I170R- SECURTY CLASSIFICATION. Eet!Q1 the over-~ (r, -"uLj i04 reqiAsters; may -btsin cvplas 01 this
all security classification of the report. Indicate whether reor irom DDC."
"Restricted Data" is Included. Marking is to be in' accord. (2 Itinonuiitn ~ ismnl~o ~
Slnce with approplsate necuitiy regulations. (2) or by Dti Is o nouseft and dol55miatuf J t
2b, GROUP, Aetomatic downra"ding Is specified In 1 X DA- eoEtbOCisn ahraad
rective 520C, 10 and Axmed Forces Irdustrial AanuaL SLnter (3) ocU. -- GovtriiWt ftwoociC5 may obtalin copies of

=tl* group ntaniber. Also. wrne applicable, thow, thai optional this repnlt .ilrectly frnal DIV-. Other qualified DDC

saritings have been used 1we Grouv. 3 and -JuouD 4 && autor- ui~lt stal loweqest tOwugh

3, REPORT TITLE, Enter the cosipirle, report ti'Ie in all j 4 "U S.mltr gnce-, ý&JC1*O h
capital latter', Titles in all -*sees should be uscaiasetfied, reor direcly from DDC. Other quni'LstI users
If a meaningful title cannot lte selected wfahosat ciarseifce- shrill r^qu thtouqgi
tiar,. show title c' aswification in all capitals in parkeitheis
IMmeJiately following tue title.

4. DESRIPTIVE NOTES: If appropristo, ezfler the typ of (5) "All distrbittor' of thits rapo-tiIs conittrlltd Quid-
tapomt e~g.. lsteri, p~cs;reL, as-mmarry annual, or fin%& ifted DDC users shall requst through
Give the szrckuaiye date-) when a specific roapct!. perlbr; is

c;sr.A .(rEteth aws)o If the report has been futvsethtd to the Office of Technical
S. ATMR?,)cEntr th no*(*)of utho~c)La tý)--on Services, D.,rartment of Comamerce, for sale to the public, indi.

or in the report Enter lost %se, fiswt name. aMddlz IntiaL cate this fact and entet the price, If known.
If military, shaw rank cnc branch %,T serice. The W~Me of
thot principal eanthr is an absolute minimum r~tr.&# IL SUPPLEMENTARY NOTES:- Use for Wddltional exzpltlia

6. REPORIT DATEZ Fader the date of the report as day, tO'ey notes..
month, year. or montt,, year. If mots thoo ont. date rper 12. SPONSORING MILITARY ACTIVITY: Enter ths name Of
on the report. us* date of tiuhlication. the departmental project offtf,-e or laboratory ozponsoring (Par
I&a TOTAL NUMBE.R OF PAGES: The tota page count in4 for) the research addevelopmettL Include 5ddb55.

Iskoulil follow Pomazs pagination procedures. i~e., enter the 13. ABSTRACT, Entqr anr abStrACt glilng a brief and factual
TAA nubrOf z1ges Cu tiinixng idloont_'0t summary of the dacumente itndcative of tha report, even though

it may cis* appear elsewhere in the body of the technical re-
*7b. NUMBhER OF REFERE?4CE Entve the total r-iuribti of port. If additio~tal space is required, 0 COnlukitttlft she~et

8&. CONTRACT OR GRANT NUMBER: If Apptopril*C. enter It Is highly desirable )hat the abstract of classified re-

the applicable number Of the contract or grant undert which Iports be unclassified. E-:cb paratpar.- of th& obstrect shall
the frolt was wrjt'gi. ,end with an indication of the :~t4RtrY security classification

it, Be, & Id. PRC3Ecr NUMBER: Enter tl-_ire ,-0810 of tnie iniormatlot. In the par graph. represented as (75), (3S).
.'afstaz- department identification, such as project nuiser. (lC). or (V).

nifrerject lumber. system n'smbeti. task number, etc. Therer is no linrtoi,-o~ rme the length of the abstract. How-

go. OR[GIATOR'S REPORT NfUMBER(S)' Ffm the offi- 'ever, the augg'irted length is froni 150 to 225 words.
cial repcrt number by wt-Ach 'he document will be identified I14. KF.Y WORDS: Xey words are technically meaningful terms
anid ccnt-olled by the orltlastlng activity, redis ru-nber muQl or %hort phtesas ;.*; -haractetkze a report and may be used asa

beunique toZ -.-epr. Indes "lt.rIx (,rj cataloginit the report. Key words must be
9~. ~lKE REPRT NM3ERI~) f th rep-it s~ ben ,elect,,; so t)it ,no pecu.rity classification irs required. d-

sa.yC HEhe REPORT numbersL) reIftpe"hbee r h rgnao fisrs. true!? *,A ettuzx'riea 'niel designation, trade name. -rili-
actitned an ote eotnmesiethrb h nio M aV prcjec,, code namre. geographic location. may be used as
or by 0t - tpensor). also Crter this AarfibtYr). L-ey words betj will bi- followed by an indication of technical

corect. Te ,saignment of links. rules, and wel~hts is

!Jncla,-.sified
SecuRity Classirication


